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a ELECTROCARDIOGRAPHIC studies on dogs, in which the peri- 
cardium had been opened for various reasons, certain postoperative 
changes occurred almost routinely and in a stereotyped manner. The 
chief effect has previously been noted by two of us (Barnes and Mann’) 
and, in brief, consists in high, upright, peaked T waves, attaining their 
maximum in the period from the fifth to the tenth day after operation. 
It was early noted that if the pericardiotomy had been done on the left 
side the effect was mainly in Lead I, and if on the right side, mainly 
or wholly in Leads II and III. Procedures on the left side did not pro- 
duce much change in Lead IV (Wolferth), but if done on the right, 
very deep, accentuated T waves were frequently seen. From the 
similarity of these waves to the electrocardiographic picture in acute 
pericarditis in man, it was easy to suppose that they were of similar 
origin. 

The normal electrocardiogram of the dog varies greatly in respect to 
the T pattern; in general, the most stable electrocardiogram is one with 
T negativity in all leads. The changes in the electrocardiograms to be 
described are not in all cases as important with respect to their form, as 
with respect to the fact that they are predictable and constant over the 
period of their presence. 

Three causes have been suggested for the electrocardiographic changes 
in acute pericarditis: mechanical compression of the heart by fluid, an 
inflammatory process involving the myocardium, and a change in the 
neuromyocardial balance. Seott, Feil, and Katz,” after observing R-T 
elevation in a case of pericarditis and in another of hematopericardium, 
suggested that the etiologic factor concerned is one of coronary insuf- 
ficiency produced by the pressure of the pericardial fluid on the coronary 
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arteries and coronary sinus. Their hypothesis was substantiated by 
obtaining somewhat similar tracings experimentally in dogs by forcing 
fluid into the pericardial sac.2 This work has been confirmed by the 
observation of Herrmann and Schwab,’ in experiments on goats, that 
increasing the pressure in the pericardial sac causes elevation of the S-T 
segment. In patients not suffering from an evident acute compression of 
the heart, it is difficult to see the counterpart of these experiments. 
Vander Veer and Norris‘ found no relation between the amount of fluid 
and the electrocardiographie changes in man, and microscopic study of 
the hearts in all cases in which there was a ‘‘positive’’ electrocardiogram 
showed definite subepicardial myocarditis. 

Fowler, Rathe, and Smith,° studying the effect upon the electrocardio- 
gram of occlusion of small arterial branches in the dog’s heart, observed 
quite constant changes. In control experiments in which the pericardium 
had been opened, without coronary artery ligation, similar electrocardio- 
graphic changes frequently occurred. This was shown on histologic 
study to have been accompanied invariably by an inflammatory process 
involving the superficial myocardium. They advanced the conception 
that in both instances the electrocardiographic changes were due to the 
same process, namely, a superficial myocardial injury. Many of their 
tracings published at that time are very similar to those obtained by 
Barnes and Mann,’ and to those presented in this paper. 

The role played by cardiac nerves is obscure; the evidence that they 
might play any part lies in the following facts. Otto® found that if 
the coronary artery supplying the wall of the right ventricle is ligated, 
stimulation of the right accelerator nerves accentuates the electrocardio- 
graphic picture, but stimulation of the left accelerator nerves causes the 
electrocardiogram to return toward normal. Similarly, with ligation of 
the coronary artery supplying the wall of the left ventricle, the electro- 
cardiographie picture is accentuated by stimulation of the left accelerator 
nerves, and modified toward normal by stimulation of the opposite ac- 
celerator nerves. Pezzi, Defrise, and Agostoni’ discovered that Smith- 
Pardee waves in dogs disappear after arteriectomy of the ligated vessel. 
Leriche and his co-workers® reported high, upright T waves, particularly 
in Leads II and III, and increase in sinus arrhythmia, after stellate 
ganglionectomy in dogs. We have observed similar, high, peaked T 
waves in the standard leads after stellate ganglionectomy in dogs, and 
have reproduced the same changes by injection of alcohol into the stellate 
ganglia without opening the chest. Somewhat similar high T waves in 
Leads II and III have been seen frequently by us in dogs under ether 
anesthesia. These changes have not been present in man following 
bilateral stellate ganglionectomy for Raynaud’s disease in the one case 
observed by us. 

If it were true that the electrocardiographie picture of acute peri- 
earditis were due to a superficial myocardial inflammation, a region of 
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inflammation restricted to one portion of the pericardium might be local- 
ized by the electrocardiogram in the same manner as myocardial infare- 
tion may be localized. It was found that if the unopened pericardium 
was oversewn loosely with chromic catgut, there developed a region of 
pericarditis which remained localized. At the operation, a matting of 
catgut overlying a normal epicardium was produced, which caused 
inflammation of the pericardium and epicardium, with foreign body 
reaction and adhesions of varying degrees of permanence. 


Acute pericarditis over right 
S79 and left ventricles 


‘Before After 48 hours After 6 days 


Fig. 1.—Electrocardiograms before and after experimental production of bilateral 
pericarditis. 

The experiments were arranged as follows: 

1. In two dogs the parietal pericardium was operated on bilaterally. The chest 
was opened through an intercostal incision on one side, the pericardium on that side 
oversewn with catgut, the chest closed, and the dog turned over and the procedure re- 
peated on the opposite side. 

2..In three dogs the operation was performed on the right side only. 

3. In three dogs the operation was performed on the left side only. 

4. In one dog, the parietal pericardium was operated on unilaterally; the evolution 
in the electrocardiographic pattern was observed and, when it had returned to normal, 
operation was performed on the other side. 
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5. The electrocardiographic appearance following coronary ligation, as modified by 
the appearance of pericarditis, was studied in many instances, and two examples were 
chosen for presentation. 

All the operative procedures were carried out under ether or intravenous anesthesia 
with positive pressure insufflation of the lungs. Surgical technique was used through- 
out in all the operations. All the animals remained well and physically active, had no 
roentgenographic evidence of cardiac enlargement, and maintained normal venous 
pressures, measured directly by a manometer. The general well-being of the animals, 
absence of enlargement of the pericardial shadow, and undisturbed venous pressures 
are taken as evidence that pericardial fluid, as cardiac tamponade, was playing no 
part in the electrocardiographic picture obtained. 


Fig. 2.—Superficial interstitial myocarditis as a result of experimentally produced 
pericarditis. 


In the first group of dogs, those with bilateral pericarditis (Fig. 1), 
there was an early, flat or dome-shaped elevation of the S-T segment 
in all the standard leads, with depression of the segment in the chest 
lead (Wolferth). In the one dog this was more striking than in the 
other. This elevation gradually disappeared on the third day, being re- 
placed by positivity of the T waves in the standard leads and deepening 
of the T wave in the chest lead. The T waves in the second and third 
leads increased in amplitude until the seventh day, and were associated 
with a high take-off of the S-T segments in those leads. Thus the picture 
of pericarditis in the human electrocardiogram was quite well repro- 
dueed, although the elevation of the S-T segment never reached the same 
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magnitude as that seen in the human eases. One dog was killed on the 
seventh day for study of the myocardium and pericardium. Extensive, 
but localized, regions of a granulomatous inflammation were present 
between the pericardial surfaces, which, however, could be quite readily 
separated. The inflammatory exudate extended into the superficial 
muscle bundles, so that there was no doubt that a superficial interstitial 
myocarditis was present (Fig. 2). The electrocardiogram of the other 
dog returned to normal on the fourteenth day. The animal was killed 
three weeks after the operation, and the only remaining findings were 
firm, fibrous adhesions, with slight epicardial thickening, in two localized 
regions over each ventricle. 


Acute pericarditis over right ventricle 
Before After 24 hours After 6 days 


Electrocardiograms before and after experimental production of pericarditis 
over right ventricle. 


Fig. 3. 


In the second group of dogs, those with pericarditis on the right side 
(Fig. 3), there was an early, slight, horizontal elevation of the S-T seg- 
ment which was limited to Leads II and III. By the fourth day there was 
a gradual change of the T waves in these leads to the upright type, with 
a deepening of the T wave in the fourth lead (Wolferth). The T waves 
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increased in size, usually had a peaked appearance, and were associated 
with a high take-off of the S-T segment. The greatest magnitude of the 
changes was generally reached on the seventh day. The T wave in Lead 
I remained unaffected. One of the dogs was killed on the seventh day 
for study of the inflammatory process. The pathologie processes in the 
other dogs were studied after their electrocardiograms had returned to 


normal. 


Acute pericarditis over left ventricle 


SS 
i Before After 48hours After 6 days 


Fig. 4.—Electrocardiograms before and after experimental production of pericarditis 
over left ventricle. 

In the third group, those with ‘‘left-sided pericarditis’ (Fig. 4), 
there was generally an analogous slight tendency for early elevation of 
the S-T segment, which was limited to, or predominant in, Leads I and 
II. At the twenty-four-hour period there was a low S-T interval with a 
positive T wave in the fourth lead. This type of tracing in the Wolferth 
lead not uncommonly occurs at this early period in many operations on 
the heart, and it is deemed of significance only when considered in rela- 
tion to the standard leads. In the animals of this third group the T 
waves in Lead I later became upright, with an associated high S-T take- 
off, but the change was never as striking as in Lead III with the lesion 
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on the right side. The electrocardiographic changes increased gradually 
and attained their maximum on about the seventh day, with return to 
normal by about the fourteenth day. In this group also, one dog was 
killed when the changes were thought to be greatest, and the others 
allowed to live until after the electrocardiograms had returned to normal. 
The pathologie findings in the dogs of the second and third groups were 
in all respects similar to those described for the first group, except that 
the inflammatory process was localized to the wall of one or the other 
ventricle. The superficial myocarditis was evident in all the dogs 
examined when the electrocardiographie changes were present. 


Selective effect on “electrocardiogsam of the dog 
after left and right pericardiotomy 
Before 12 days after 7 days after 
5569 operation on left side Operation on right side 


Fig. 5.—Electrocardiograms before experimental production of pericarditis, after 
production on left side, and after production on right side. 

In the dog on which operation was performed on each side, with an 
intervening time period during which the electrocardiogram returned 
to normal, the electrocardiographic change was particularly striking 
(Fig. 5). After the first operation the high, peaked T waves, with eleva- 
tion of the segment, were present predominantly in Lead I, while after 
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the second operation, on the other (right) side, the characteristic changes 
occurred in Lead III. Lead II was affected to a lesser extent, but in a 
similar way, in both instances. The electrocardiographic changes in this 
dog are representative of those in many dogs whose pericardiums had 
been opened on each side on successive occasions. 

When coronary occlusion has been produced, the electrocardiographic 
pattern shows, after the fourth day, superimposed features which we 
believe are characteristic of acute pericarditis (Figs. 6 and 7). In the 


Occlusion of right coronery artery and acute pericarditis 
in the dog 
R461 ; Before 3 days after 9 days after 


— — 


Fig. 6.—Electrocardiograms before and after occlusion of right coronary artery and 
acute pericarditis. 
middle tracing of Fig. 6, the characteristic electrocardiogram of occlusion 
of the right coronary artery is present, except for depression of the RS-T 
interval in Lead I. It is possible that at this time the effect of the early 
pericarditis had already projected itself into the electrocardiogram by 
raising the RS-T interval to normal in this lead. On the ninth day, 
peaked T waves with a high RST interval were present in all the stand- 
ard leads. The dog, when examined on the post-mortem table the follow- 
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ing day, showed a generalized fibrinous pericarditis and occlusion of the 
right coronary artery, but no gross infarction of the wall of the right 
ventricle. 

Electrocardiographiec tracings taken after occlusion of the anterior 
descending branch of the left coronary artery are to be seen in Fig. 7. 
The early picture is to be compared with that in Fig. 4, which illustrates 
the effect of pericarditis over the left ventricle only. The upright, 
peaked T wave in Lead I in the last tracing from this dog is unassociated 


Occlusion of left descending branch left coronany ’ 
artery 


5726 Before 2 days after 9 days after 


Fig. 7.—Electrocardiograms before and after occlusion of anterior descending branch. 


with a similar change in Lead II. This behavior of T may be due to 
pericarditis, or it may be an expression of healing of the infarct, inde- 
pendent of pericarditis. 

There were available for these studies two pairs of litter mates, each 
pair having similar and remarkably constant control electrocardiographic 
tracings. In one of each pair the pericarditic lesion was produced on the 
right side, while in its mate the left side was operated on. The contrast- 
ing changes in the electrocardiogram of the right-sided and left-sided 
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pericarditic picture were more evident in these than in other pairs of 
dogs not of the same litter. 

That the electrocardiographie tracing of localized pericarditis was 
stable at given stages was evidenced, in part, by the fact that its form 
was not changed by the intravenous administration of adrenalin or 
acetylcholine. Both of these drugs frequently cause high T waves in 
Leads II and III in the normal dog. Digitalis (8 cat units in forty-eight 
hours) was given to three of the dogs, which weighed between 8 and 10 
kg. There was no obvious effect in one dog, but in the other two the 


Injection of stellate ganglia with alcohol 
Betore After 48 hours After 2 months 


Fig. 8.—Electrocardiograms before and after injection of alcohol into stellate ganglia. 


accentuated, upright T in Lead I, due to pericarditis, became negative 
after the full dose. There was a definite but less marked effect in Leads 
II and III. 

COMMENT 


In these experiments we have introduced further evidence that the 
electrocardiographie picture of pericarditis is due to a subepicardial 
myocarditis. It is believed that, in the experiments presented, cardiac 
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compression played no part. It is with some hesitation that a comparison 
is drawn between the electrocardiographic picture following injection 
of aleohol into the stellate ganglia in the dog and that of acute peri- 
carditis. However, the close similarity of the tall, peaked T waves seen 
in the two conditions (compare Fig. 4, third tracing, with Fig. 8, second 
tracing) and certain similarities observed in the T wave in the pre- 
cardial lead attract attention. The possibility that a neurogenic mecha- 
nism might play some role in the electrocardiographie changes observed 
following pericardial injury has to be kept in mind. It is of note that 
both the dogs with pericarditis and the dogs whose stellate ganglia had 
been injected or removed showed an increase in sinus arrhythmia. In 
this paper the cause of the electrocardiographic picture of chronic peri- 
carditis in man is not discussed, although certain of the etiologic factors 
which are considered might be pertinent to its development. 

If pericarditis produces varying electrocardiographie effects dependent 
on the region of its greatest localization, we have perceived the possi- 
bility of certain clinical applications. Among other things, it suggests 
that the picture of coronary thrombosis in man, complicated by peri- 
carditis, as described by one of us (Barnes®) (elevated RS-T segments 
in all the standard leads), is due to a pericarditis that is not localized. 
Acute pericarditis complicating infarction of the posterior wall of the 
left ventricle in man may spread to involve the adjacent portion of the 
wall of the right ventricle or to the anterior wall of the left ventricle. 
Similarly, pericarditis associated with infarction of the anterior wall of 
the left ventricle may extend over the adjacent part of the wall of the 
right ventricle or to the posterior wall of the left ventricle. Since peri- 
carditis localized to the region of the left ventricle in dogs has been shown 
to produce an elevation of the RS-T segments solely, or predominantly, 
in Leads I and II, and since acute infarction of the anterior wall of the 
human left ventricle tends to produce a similar displacement of the RS-T 
segment of Lead I, or of Leads I and II, it is possible that pericarditis 
localized in the region anterior to the left ventricle and complicating 
acute infarction of the wall of the left ventricle in man might not be 
indicated by electrocardiographie changes. For a like reason, it is 
possible that pericarditis confined to the region of the left ventricle and 
complicating acute infarction of the posterior wall of the left ventricle 
in man might not be reflected in the electrocardiographie pattern. The 
question arises whether tall, peaked T waves appearing in the evolution 
of the electrocardiographie pattern of acute myocardial infarction signify 
involvement of the myocardial layer contiguous to the epicardium, either 
beeause the infarct extends to involve the full thickness of the ventricular 
wall or because it is confined to the outer portion of the ventricular 
muscle. 

It is to be noted that, in these experiments on localized acute peri- 
carditis, the walls of the right and left ventricles of the dog have 
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generally acted as units, and by analogy from experiments on coronary 
ligation, would be expected to correspond to the anterior and posterior 
walls of the left ventricle in the human. 

Another application of the electrocardiographie localization of super- 
ficial myocarditis may be considered. It is known that the electro- 
eardiographie pattern of acute pericarditis may be associated with in- 
vasion of the pericardium by a malignant lesion. It would be expected 
that oeeasionally the site of this invasion, if localized, might be reflected 
by the electrocardiographie changes produced. 


CONCLUSIONS 


Evidence has been presented that the electrocardiographie picture of 
acute pericarditis is attributable to subepicardial myocarditis. 

Localized pericarditis has been produced in dogs and characteristic 
electrocardiographie patterns obtained. 
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THE PROGNOSIS OF INTRAVENTRICULAR BLOCK* 


L. G. KapLan, M.D., anv L. N. Katz, M.D. 
Cuicaco, ILL. 


N THE past few years the prognosis of intraventricular conduction 
defects has received considerable attention. It was the prevailing be- 
lief until recently that the presence of intraventricular block was a very 
serious omen. Now it is becoming recognized, as a result of the inereas- 
ing use of electrocardiography as a clinical aid, that the lesion itself is 
not necessarily of grave importance. 

The pathogenesis of intraventricular block has recently been sum- 
marized admirably by Yater.'. Graybiel and Sprague? and King,* among 
others, state that most of their patients died within fourteen months 
after the cardiac lesion was first recognized. However, Wood et al.,* 
concluded that, in the absence of other signs of heart disease, bundle 
branch block is not necessarily an ominous sign. Sampson and Nagle® 
then pointed out in their follow-up series that although there is a high 
mortality rate in the first year after discovery of the lesion, a remarkable 
diminution in the mortality rate occurs in those patients who survive 
this period. Bishop,® in the most recent survey, is in accord with this 
conclusion. 

We have recently conducted a follow-up study of private and service 
patients with intraventricular block whose records were made at the 
Michael Reese Heart Station during the past eight years. We present 
our results to extend and assist clarification of the prognostic survey.t 

In our series we were able to obtain complete data on 126 patients 
whose electrocardiographie tracings were interpreted as showing in- 
traventricular block. Our criterion of intraventricular block is a QRS 
interval of longer than 0.11 second’s duration. We have been using the 
following classification for the past several years in order to avoid the 
polemic as to location of the conduction defect : 

1. In intraventricular block of the common bundle branch type the 
QRS is upright in Lead I and inverted in Lead III, the amplitude of 
its major phase is more than 5 millivolts, and the T wave (with or with- 
out the S-T segment) is deviated in a direction opposite to the major 
phase of the QRS deflection in these leads. 

2. In intraventricular block of the uncommon bundle branch type the 
QRS is inverted in Lead I and upright in Lead III, the amplitude of its 
major phase is more than 5 millivolts, and the T wave (with or without 


From the Cardiovascular Department, Michael Reese Hospital, Chicago, III. 

*Aided by the A. D. Nast Fund for Cardiac Research. 

Received for publication Dec. 22, 1938. 

+Not included in this series are patients with short P-R intervals or transitory intra- 
ventricular block. 
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the S-T segment) is deviated in a direction opposite to the major, or 
final, phase of the QRS deflection in these leads. 

3. In intraventricular block of indeterminate (a) concordant type, 
the QRS deflections are all in the same direction in the three limb leads, 
usually upright, and the amplitude of the major phase is more than 
5 millivolts, (b) S type, the QRS is diphasie and the prolongation is con- 
fined chiefly to the second phase (and the amplitude of its major deflee- 
tion is more than 5 millivolts), and (¢) arborization type, the major de- 
flection in each of the limb leads is less than 5 millivolts in height. 

We have used the above classification because investigations have 
shown that the direction of the QRS complex is determined by other 
factors than the block and, therefore, cannot be readily employed by 
itself in determining which bundle branch is involved.* 

The data on these patients were obtained from the information on 
file in the Heart Station, from the patients’ hospital or clinic records, 
and from information supplied by their private physicians and by a 
follow-up investigation carried out on service patients by the Social 
Service Department. The data of our analyses are summarized in Tables 
I to IV. 


TABLE I 
AGE DISTRIBUTION OF PATIENTS WITH INTRAVENTRICULAR BLOCK 


NUMBER LIVING| NUMBER DEAD aii PER CENT | 

AGE GROUP AT TIME OF AT TIME OF niga DISTRIBUTION 
SURVEY SURVEY OF ALL CASES 

20-30 yr. 2 2 4 3 
30-40 yr. 2 1 3 2 
40-50 yr. 7 12 19 15 
50-60 yr. 14 16 3 24 
60-70 yr. 20 32 52 42 
70-80 yr. 6 11 17 3 
> 80 yr. 0 1 1 1 
Total 


TABLE II 


PATIENTS WITH INTRAVENTRICULAR BLOCK DISTRIBUTED WITH REGARD TO DURATION 
OF LIFE AFTER LESION WAS First RECOGNIZED IN THE ELECTROCARDIOGRAM 


LIVING UP TO THE END OF, | PATIENTS LIVING AT TIME | PATIENTS DEAD AT TIME 

OR DEAD WITHIN, OF SURVEY OF SURVEY 
the 1st year 22% of all alive 80% of all dead 
the 2nd year 32% of all alive 10% of all dead 
the 3rd year 24% of all alive 1% of all dead 
the 4th year 6% of all alive 4% of all dead 
the 5th year 4% of all alive 1% of all dead 
the 6th year 4% of all alive 0 of all dead 
the 7th year 4% of all alive 2% of all dead 
the 8th year 4% of all alive 


Of the 126 patients on whom we were able to obtain adequate data, 
66 per cent were between the ages of 50 and 70 years (Table III). An 
additional 14 per cent were 70 years of age, or older. This agrees with 
the common eonception that intraventricular block is associated with 
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advancing age, except in those cases in which the lesion is due primarily 
to rheumatic or congenital heart disease, which occur in the younger 
age groups. Coronary artery disease and hypertension were the major 
etiologic factors in this series, occurring in 87 per cent of the patients 
(Table IV). Rheumatic and syphilitic cardiac involvement accounted 
for only a small portion, 6 and 5 per cent, respectively. There were 2 
cases of congenital heart disease. 


TABLE IIT 


CORRELATION OF AGE DISTRIBUTION AND LIFE EXPECTANCY IN THE GROUP OF 126 
PATIENTS WITH INTRAVENTRICULAR BLOCK 


LIVING AT TIME OF SURVEY DEAD AT TIME OF SURVEY 
PER CENT PER CENT 
AGE TIME FIRST OF TOTAL) _,..,.| DURATION OF LIFE |OF TOTAL 
GROUP |NUMBER| RECOGNIZED [CASES IN| AFTER FIRST CASES IN 
IN EKG AGE ' | RECOGNIZED IN EKG AGE 
GROUP GROUP 
20-30 yr. 2 4 to 5 yr. before} 50% 2 up to 1 yr. 50% 
30-40 yr.| 1 1 to 2 yr. before] 33% 1 jup to 1 yr. 33% 
1 3 to 4 yr. before} 33% 
40-50 yr.| 3 |2 to 3 yr. before] 16% 9 |up to 1 yr. 48% 
1 3 to 4 yr. before 5% 2 between 1 and 2 yr. 11% 
1 5 to 6 yr. before 5% 1 |between 3 and 4 yr. 5% 
2 7 to 8 yr. before} 11% 
50-60 yr.| 1 up to 1 yr. before 3% 12 |up to 1 yr. 40% 
6 1 to 2 yr. before] 20% 3 |between 1 and 2 yr.| 10% 
4 |2 to 3 yr. before} 13% 1 |between 3 and 4 yr. 3% 
1 3 to 4 yr. before 3% 
1 5 to 6 yr. before 3% 
1 6 to 7 yr. before 3% 
60-70 yr.| 8 up tol yr. before] 15% 26 jup to 1 yr. 50% 
6 1 to 2 yr. before} 11% 3 {between 1 and 2 yr. 6% 
5 2 to 3 yr. before} 10% 1 |between 3 and 4 yr 2% 
1 6 to 7 yr. before 2% 1 |between 4 and 5 yr. 2% 
1 between 6 and 7 yr. 2% 
70-80 yr. 2 up to lyr. before} 12% 9 to 1 yr. 54% 
3 1 to 2 yr. before} 18% 1 |between 2 and 3 yr 6% 
1 |3 to 4 yr. before 6% ] between 6 and 7 yr. 6% 
> 80 yr. 1 jup to 1 yr. 100% 


Of the 75 patients who are known to be dead, 80 per cent died within 
a year of the discovery of the lesion, and 90 per cent died before the end 
of the second year (Table II). The remaining 10 per cent died in the 
third, fourth, fifth, or seventh year after the first evidence of intraven- 
tricular block was found. Of this 10 per cent, 4 per cent died in the 
fourth year and 2 per cent in the seventh year. In a further analysis it 
was noted that 37 per cent (23 patients) of those dying in the first year 
had died in the first three months, and that 8 patients who died in the 
first three months succumbed to acute coronary artery occlusion with 
myocardial infarction (diagnoses verified by electrocardiographie and 
necropsy findings). 

Of the 51 patients that are living, 32 per cent have already lived 2 
years (Table II), 24 per cent have lived 3 years, and 22 per cent have 
lived 4 to 8 years since the discovery of the lesion. The living patients 
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TABLE IV 


DISTRIBUTION OF PATIENTS WITH INTRAVENTRICULAR BLOCK ACCORDING TO TYPE 
AND ETIOLOGY 


NO, WITH! 


CORO- NO. 
PER NARY WITH 
TOTAL CASES SYPHILIS} MATIC HEART 
CASES HEART | pISEASE 
TENSION 
Common Dead at time 40 37 2 l 0 
bundle of survey 
branch. Alive at time 27 26 1 0 0 
‘ype of survey — — 
Both groups | 53% 67 63 1 0 
Uncommon Dead at time 9 7 
bundle of survey 
branch Alive at time 4 0 1 2 1 
type of survey -- — 
Both groups} 10% 13 7 1 + 1 
Indeter- Dead at time 24 18 3 3 0 
minate of survey 
type Alive at time 22 21 0 0 1 
of survey — | 
Both groups | 37% 46 39 3 3 1 
Total «4196 109 7 
Per cent of total 100% 87% 5% 6% 2% 
Per cent of each group 40% 44% 30% 25% 100% 
alive at time of survey 
Per cent of each group 60% 56% 70% 75% 0% 


dead at time of survey 


constitute 40 per cent of the entire series reviewed here, and 30 per cent 
of the entire series have already lived 2 to 8 years. 

These findings have led us to the conelusion, which is in accord with 
that of Sampson and Nagle,’ that a high mortality rate occurs within the 
first year of the discovery of the lesion, but that the individuals who 
survive this dangerous period have a materially increased chance of 
living for many years. Two patients in this series who have already 
lived 8 years have minimal cardiac complaints. Bishop’ reported that 
one patient was living after 16 years. This study suggests that although 
permanent intraventricular block is evidence of serious involvement of 
the myocardium, unless other cardiae findings are present the lesion it- 
self does not necessarily indicate an ominous prognosis. 

We have analyzed the relation of the configuration of the electro- 
eardiogram in intraventricular block to the prognosis. The greatest 
number of our patients (53 per cent) had the common bundle branch 
type of intraventricular block (Table IV). The next largest number 
(37 per cent) had one of the indeterminate types, and the uncommon 
bundle branch type was least common (10 per cent). The highest death 
rate occurred in the patients with the uncommon type (70 per cent), 
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although this group comprised only a small percentage of the entire 
series. The death rate of the patients with the common and inde- 
terminate types of bundle branch block was similar, 59 and 53 per cent, 
respectively. It is thus noted that the higher death rate occurred in 
those patients who constituted only a small portion of the entire group 
(10 per cent), and the differences in death rate are probably not 
statistically significant. It would thus appear that the type of in- 
traventricular block plays no significant role in the prognosis. There 
was also no correlation between the prognosis and the severity of the 
conduction defect as estimated by the QRS duration. 


SUMMARY 


1. We have recently conducted a follow-up study of a series of 126 pa- 
tients whose electrocardiograms conformed to the criteria for the various 
varieties of intraventricular block, all showing a QRS duration of 0.11 
second, or more. 

2. The character of the underlying disease, rather than the presence 
or absence of intraventricular block, determines the prognosis, although 
the presence of intraventricular block carries with it a high mortality 
rate in the first year (particularly in the first three months). 

3. We found a high fatality rate within a year of the discovery of the 
conduction lesion. Patients surviving this period have a materially 
better life expectancy. Apparently, a relatively benign type of in- 
traventricular block occurs. 

4. Neither the configuration of the electrocardiogram nor the dura- 
tion of the QRS deflection is of prognostic significance. 


ADDENDUM.—After our report was in press, another communication dealing with 
this subject was published by H. A. Freund and R. Sokolov: Bundle Branch Block, 
Arch. Int. Med. 63: 318, 1939. They reviewed 179 cases and came to essentially the 


same conclusions. 
We wish to acknowledge our indebtedness to the physicians of the Hospital staff 
for kindly supplying us with information concerning their patients. 
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THE EFFECT OF OXYGEN ON THE EXERCISE TOLERANCE 
OF PATIENTS WITH ANGINA PECTORIS 


Josepu E. F. RisemMan, M.D., anp Morton G. Brown, M.D. 
Boston, MAss. 


T HAS been shown that a relatively constant amount of work under 

standard conditions induces attacks of angina pectoris in a given 
patient. It is possible, therefore, to study the influence of various 
agents on this condition.?:?»* The present communication describes the 
effect of breathing high concentrations of oxygen on the amount of work 
which patients with angina pectoris can do before developing pain. 


METHODS 


Seventeen patients with angina pectoris were studied in the present investigation. 
The exercise tolerance of each individual had been determined on at least fifty occa- 
sions during the preceding year. The tests were carried out in a room at constant 
temperature (45-55° F.), and consisted of having the patients repeatedly mount and 
descend a two-step staircase until an attack of angina developed.1 The exercise was 
carried out at least one hour after a light breakfast; only one test was performed 
on any given day; and no medicament was taken by the patient for one week prior 
to the test. 

The effect of oxygen was studied by having these individuals inhale pure, undi- 
luted oxygen for ten minutes while standing at rest, and then having them exercise 
under the usual standard conditions while they continued to breathe oxygen. A series 
of Douglas bags connected to a stationary manifold served as a reservoir for the 
oxygen. Rubber tubing with an inside diameter of % inch was led from this reser- 
voir to a Krogh valve, in order to prevent rebreathing; the tubing and the valves 
were attached to the patient in such a way as to allow exercise with complete free- 
dom. Control experiments were carried out in a manner which was identical except 
that the Douglas bags were filled with room air instead of oxygen. The patients 
were not aware of the composition of the gas breathed or its possible effect on their 
exercise tolerance. 


RESULTS 


Breathing room air from the Douglas bags did not increase the exer- 
cise tolerance of a single patient tested, and in several instances ac- 
tually caused a decrease in the amount of work which could be done 
before developing angina (Table I). 

Breathing oxygen from the Douglas bags enabled eleven of the 
seventeen patients to do considerably more work; four exercised until 
forced to stop because of fatigue without developing pain (Table I). 
Nine of these eleven patients were 39 to 53 years of age, and the re- 
maining two were 57 and 58 years old. In seven patients, more than 
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TABLE I 


THE EFFECT OF BREATHING OXYGEN ON THE AMOUNT OF WoRK WHICH CAN BE DONE 
BY PATIENTS WITH ANGINA PECTORIS 


EXERCISE TOLERANCE EXERCISE TOLERANCE EXERCISE TOLERANCE 
BREATHING ROOM AIR BREATHING ROOM AIR BREATHING OXYGEN 


WITHOUT APPARATUS WITH APPARATUS WITH APPARATUS 
PER CENT 
PATIENT AGE SEX TRIPS TRIPS TRIPS INCREASE 
Group A 11 Patients Benefited by Breathing Oxygen 
S.R. 57 M 33 35 61 85 
H.B. 53 M 63 36 100* 59* 
g.A. 58 M 28 41 46 
P.R. 52 M 41 31 56 37 
S.W. 39 M 37 50* 35* 
M.F. 39 M 3 40 33 
H.Shl 53 M 46 48 60* 30* 
B.K. 52 F 20 19 25 25 
L.W. 51 M 42 52 24 
M.R. 48 M 40 48 20 
D.W. 53 F 37 44* 19* 
Group B_ 6 Patients Not Benefited by Breathing Oxygen 

B.A. 51 M 45 35 47 4 
M.L. 61 M 37 28 38 3 
J.S8. 57 M 32 32 0 
R.S. 59 M 24 24 0 
H.Shr. 61 M 30 22 29 -3 
J.M. 62 M 30 26 -13 


*No attack of angina precipitated ; patient ceased exercise because of fatigue. 


thirty-five trips were necessary to induce pain while breathing room air ; 
the other four patients developed pain on less than thirty-five trips. 

The remaining six of the seventeen patients were not able to do any 
more work while breathing oxygen. Only one of these patients was 
less than 53 years of age, and only two could perform more than thirty- 
five trips before developing angina. 


COMMENT 


It is evident that many patients with angina can do more work before 
developing pain if they breathe oxygen before and during exertion. 
Patients older than fifty-five and those who can do only a relatively 
small amount of work before developing pain are less likely to be bene- 
fited than those who are younger and have a relatively high exercise 
tolerance. 

These findings are consistent with the anoxemia theory of angina 
pectoris. Richards and Barach* have shown that breathing air enriched 
with oxygen during rest increases the oxygen content of the arterial 
blood. Hewlett, Barnett, and Lewis® found that exercise results in a 
smaller rise of blood lactic acid if carried out while breathing oxygen- 
enriched air. Breathing oxygen both before and during exertion, there- 
fore, tends to prevent myocardial anoxemia and its sequelae. These 
mechanisms, however, do not entirely compensate for a deficient coro- 
nary flow, for we find that the more elderly patients with a relatively 
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small tolerance to exercise, who presumably have a greater degree of 
coronary arteriosclerosis, are less likely to be benefited by oxygen. 
Furthermore, many of those patients who are helped by oxygen in- 
halation will develop pain if they exercise for sufficiently long periods 
of time. 

Rothschild and Kissin® have shown that attacks can be induced in 
some patients with angina by having them breathe room air depleted of 
its oxygen. The present investigation adds additional evidence in favor 
of the anoxemia theory, for it shows that attacks of angina can be pre- 
vented by preventing anoxemia. 


REFERENCES 


1. Riseman, J. E. F., and Stern, B.: A Standardized Exercise Tolerance Test for 
Patients with Angina Pectoris on Exertion, Am. J. M. Se. 188: 646, 1934. 

. Riseman, J. E. F., and Brown, M. G.: Medicinal Treatment of Angina Pectoris, 
Arch. Int. Med. 60: 100, 1937. 

3. Brown, M. G., and Riseman, J. E. F.: The Comparative Value of Purine Deriva- 
tives in the Treatment of Angina Pectoris, J. A. M. A. 109: 256, 1937. 

4. Richards, D. W., and Barach, A. L.: Prolonged Residence in High Oxygen At- 
mosphere, Quart. J. Med. 3: 437, 1934. 

5. Hewlett, A. W., Barnett, G. D., and Lewis, J. K.: The Effect of Breathing 
Oxygen Enriched Air During Exercise Upon Pulmonary Ventilation and Upon 
Lactic Acid Content of Blood and Urine, J. Clin. Invest. 3: 317, 1926. 

6. Rothschild, M. A., and Kissin, M.: Production of the Anginal Syndrome by In- 

duced General Anoxemia, AM. HEART J. 8: 729, 1933. 


bo 


CARDIAC NEUROSIS ASSOCIATED WITH ORGANIC 
HEART DISEASE 


SIDNEY Scunur, M.D. 
BROOKLYN, N. Y. 


HE clinical picture presented by any patient with organic disease 

may be clouded by a superimposed neurosis.!:? Proper therapy and 
exact prognosis depend on recognition of, and attention to, this psycho- 
genic component. 

Although cases of cardiac neurosis associated with organic heart dis- 
ease occur not infrequently, the proper diagnosis is often missed. The 
fault lies in the erroneous teaching that the diagnosis of neurosis is to 
be entertained only when organic disease has been excluded by negative 
physical, fluoroscopic, roentgenographic, and electrocardiographie find- 
ings, thus suggesting that combined neurotic and organic heart disease 
cannot exist. However, this is decidedly contrary to the vast experience 
of many clinicians.* ® 1 

An investigation was undertaken to determine what criteria were 
of value in the diagnosis of cardiac neurosis, particularly when asso- 
ciated with organic heart disease. One hundred seventy-two cardiac 
patients, the subject of this study, were classified into three groups: 
(a) those with organic heart disease, i.e., definite lesions, with orthodox 
symptoms, such as pain, dyspnea, orthopnea, ete.; (b) those with cardiac 
neurosis, i.e., precordial and other complaints, for which no organic 
basis could be demonstrated by present diagnostic methods; and 
(c) those with a ecardiae neurosis associated with organic heart disease, 
i.e., definite cardiae lesions, with the same symptoms and signs as the 
patients in groups (a) and (b). Attention was directed to the predis- 
posing and exciting factors of neurosis, its symptoms and its signs, and 
to a therapeutic test which aided in differentiating between the signs 
and symptoms due to neurosis and those caused by organic disease. 


CONSTITUTIONAL AND PREDISPOSING FACTORS 


Any person may develop a neurosis, individual differences being 
merely quantitative.*:* 1° The family history of several patients re- 
vealed a congenital predisposition. The hypersensitive, emotionally un- 
stable individual with evidence of autonomic imbalance is most sus- 
ceptible to neurosis, while the phlegmatic, calm patient succumbs only 
when the exciting factor is of unusual severity. Women at the time of 
the menopause are particularly prone to develop a neurosis.‘! The pres- 
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ence of organic heart disease seemed to be a factor in localizing the 
neurosis to the precordium, which is in accord with the psychiatric 
teaching that neurosis is often referred to a pathologie organ, i.e., the 
‘‘organ inferiority’’ of Adler and ‘‘somatie compliance’’ of Freud.*! It 
is an axiom that ‘‘the cardiopath tends to become a neuropath.’”! 


EXCITING CAUSES 


The chief precipitating cause of cardiae neurosis in a person suffering 
from heart disease is usually the physician who exaggerates the severity 
of the disease, warns the patient of impending doom, and places long 
unwarranted restrictions on normal social and economic life. This 
was responsible for the majority of the cases in this series. Next in fre- 
quency was an anxiety neurosis initiated by abnormal precordial sensa- 
tions due to premature beats, tachycardias, auricular flutter, and auricu- 
lar fibrillation. In several cases, a compensation neurosis was precipi- 
tated by trauma to the left chest. Press reports of the sudden death of 
prominent men from coronary thrombosis occasionally caused acute 
anxiety in patients who had suffered from this disease. Other typical 
exciting causes were the death of a friend, relative, or fellow cardiac 
patient, legal difficulties, loss of position, disappointment in love, and 


business reverses. 
SYMPTOMS 


Pain was more frequently a presenting symptom in cardiac neurosis 
than in organic heart disease, except in cases of coronary thrombosis. 
One hundred per cent of those with coronary occlusion had abnormal 
precordial sensations. Forty-two per cent of those with organic disease, 
80 per cent of those with organic heart disease and neurosis, and 96 per 
cent of those suffering only from cardiae neurosis had precordial dis- 
tress (Table I). 

TABLE I 


PAIN, DEEP TENDERNESS, AND SUPERFICIAL HYPERALGESIA IN VARIOUS TYPES OF 
HEART DISEASE 


PAIN, DEEP TENDER- 


TYPE TOTAL PAIN NESS, AND SUPER- 
TENDERNESS 
FICIAL HYPERALGESIA 
No. % | No. A* B* | No. 
Organic heart 109 46 42) 6 5 3| 2 2 33 
disease 
Org. heart disease} 25 20 80 | 15 60 75 | 14 56 93 
with neurosis 
Cardiac neurosis 25 24 96 | 20 80 83 | 20 80 100 
Coronary occlusion 
Early 13 13 100 1 8 8 1 8 100 
Convalescent ; 11 7 63 | 7 63 100 | 7 63 100 


*A—Per cent of whole group. 

B—Per cent of those with pain. 

C—Per cent of whole group. 

D—Per cent of those with pain and tenderness. 


E 
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The description of the pain in the neurotic group appeared to be 
characteristic. It was described as sticking, stabbing, darting, lancinat- 
ing, ‘‘pins and needles,’’ or twinges most frequently localized beneath 
the left nipple and occasionally radiating to the angle of the left scapula. 
Some patients noted a residual soreness, which is rare in organic disease. 
Similar findings have been described by other authors.’® 1® 2° This type 
of pain, with its localization and radiation, could be recognized in cases 
of neurosis associated with organic disease as well as in patients with 
uncomplicated cardiac neurosis. It is known to be benign and to have 
no effect upon prognosis. No patient with only neurosis had substernal 
distress. 

In the coronary group, the pain described was generally of two 
varieties. Acute pain was characterized as cramplike, squeezing, or 
pressing somewhere near the midline, with neither sternal nor epigastric 
tenderness or hyperalgesia. During convalescence, whenever pain was 
present, it was most often identical with that described in the ‘‘neu- 
rotic’’ group. Several patients who had been taught to test themselves 
for hyperalgesia reported inframammary twinges, ‘‘needles,’’ ete., more 
frequently than their neighbors whose attention was not focused on the 
precordium. These sensations were of relatively short duration and 
were accompanied by tenderness and hyperalgesia. Psychic disturb- 
ances, such as that caused by the death of a neighbor, excitement during 
visiting hours, or anxiety the day before becoming ambulatory, occasion- 
ally increased the severity and duration of the distress. It was relieved 
successfully by the same therapy as was used in neurosis. 

Weakness was a common complaint, the patient lying in bed seemingly 
exhausted even though there had been little or no expenditure of energy. 
The asthenia was always attributed by the patient to the ‘‘ weak heart.’’ 

Sighing respiration was a concomitant of the asthenic state and is 
usually considered pathognomonic of neurosis.*: This is occasionally 
misinterpreted as ‘‘shortness of breath’’ or ‘‘ difficulty in breathing.’’ 

Insomnia was caused by involuntary mental activity due to a con- 
tinuous uncontrolled flow of words and thought into consciousness. 
Neither pain nor dyspnea was responsible for insomnia. 

Ringing, pounding, or beating in the ears or temples, synchronous 
with the pulse, was a disturbing feature. Insomnia and ringing induced 
a vicious cycle. 

Other common symptoms were fainting, faintness, dizziness, nervous- 
ness, irritability, and flushes. 

SIGNS 

Deep tenderness was elicited in the inframammary area in 5 per cent 
of patients having organic heart disease and in 80 per cent of those 
suffering from neurosis alone; 13 per cent of those in the organie group 
who suffered precordial pain also had deep tenderness, whereas 75 per 
cent of those with combined organic and neurotic heart disease and 83 
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per cent of the neurotics had deep tenderness associated with their pain. 
Tenderness was always localized to the inframammary area. It seldom 
occurs with pericarditis and is more often associated with nonorganic 
heart disease than with organic disease. Only one patient with acute 
coronary occlusion had inframammary tenderness associated with pain 
(Case 9). Inframammary tenderness, if not caused by extracardiac 
disease, is valuable evidence for the presence of cardiac neurosis.’® *4 

Superficial hyperalgesia was demonstrated in less than 2 per cent of 
those with organic disease, whereas the incidence in cardiac neurosis 
was 68 per cent. Every patient with cardiac neurosis who had pre- 
cordial pain and tenderness also had hyperalgesia, but this was true in 
only one-third of the patients with organic disease. 


THERAPEUTIC TEST 


An uncomplicated cardiac neurosis responds moderately well to 
simple forms of psychotherapy. However, it is quite difficult to con- 
vince patients who are cognizant of their organic disease that certain 
precordial sensations are of no significance. 

The frequent finding of hyperalgesia suggested the injection intra- 
dermally of novocain into the affected area. It was surprising to note 
not only the immediate disappearance of hyperalgesia, tenderness, and 
pain, but also of symptoms not associated with the precordium which 
had been regarded as neurotic in origin. It was found unnecessary to 
inject the entire hyperalgesic area. The ethyl chloride spray, and, at 
times, saline intradermally and the oral administration of a red-colored 
placebo were found to be equally effective. Relief from symptoms 
varied from hours to months. 

The procedure utilized Osler’s** three elements in the treatment of 
neurosis, i.e., a personality, various accessories, and suggestion. (1) 
The painful area was indicated by the patient. (2) Tenderness to finger 
pressure was demonstrated. (3) The hyperalgesic area was outlined 
with a pencil. The three areas invariably coincided. (4) The virtue of 
the medication to be used, its infallibility, and the immediate cure were 
stressed to the patient. (5) One or more small intradermal wheals were 
raised with 2 per cent novocain or saline in the area of hyperalgesia. 
(6) Immediately thereafter the disappearance of hyperalgesia over the 
wheals was demonstrated. Exploration of distant, noninjected, pre- 
viously hyperalgesiec areas showed them to be normal. (7) Tenderness 
and pain vanished. (8) Other symptoms, such as headache and dizzi- 
ness, considered to be neurotic in origin, were frequently relieved. 

The criteria for a positive therapeutic test are (1) immediate disap- 
pearance of pain, tenderness, and hyperalgesia, (2) relief of other 
symptoms not related to the precordium, (3) duration of relief for more 
than twenty-four hours, and (4) frequent recurrence of signs and symp- 
toms due to psychic trauma or suggestion. 
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Although novocain has been injected intracutaneously occasionally to 
relieve visceral pain,**: #4: 35, 36 jn most cases large quantities are used to 
block extensive areas of skin. In this series, organic pain was not re- 
lieved by the method described above. Moreover, in these cases criteria 
2, 3, and 4 were not satisfied, making the therapeutic test negative. 


REPORT OF CASES 


Several cases are reported to demonstrate various features of cardiac 
neurosis associated with organic heart disease. 


CasE 1.—Old coronary occlusion, cardiac neurosis. Constitutional factor: 54- 
year-old Irishman, unemployed, homeless. Precipitating factor: Six months previ- 
ously, patient suffered a coronary thrombosis. He remained in the hospital for five 
months because of recurrent attacks of precordial pain which were assumed to be 
small recurrences, although there was no electrocardiographic or laboratory evidence. 

Symptoms: Sticking pain beneath left nipple, inability to bend forward. 

Signs: Inframammary tenderness and hyperalgesia. 

Therapeutic test: Positive. All chest complaints disappeared immediately. Two 
days later when informed he would be discharged he developed intractable pain in 
the feet. 


Comment.—Not every new precordial pain or ache in a patient with a 
known coronary occlusion is evidence of a new lesion. Physicians are 
fearful to assume, however, that it is benign, and many patients are 
invalided for a longer time than is necessary because of this fact.37 A 
therapeutic test may be helpful in diagnosing superimposed neurosis. 


CASE 2.—Recent coronary occlusion, nodal tachycardia, intractable shoulder pain, 
‘*brachial neuralgia,’’ cardiac neurosis. Constitutional factor: 43-year-old, intro- 
spective, hypersensitive Italian, unemployed, in financial difficulties. Precipitating 
factor: Coronary occlusion, nodal tachycardia. Symptoms and signs: Patient had 
the typical history and electrocardiographic findings of infarction of the anterior 
wall of the left ventricle. One week after admission he began to complain of ‘‘ pins 
and needles’’ localized to the inframammary region; tenderness and hyperalgesia 
were present. 

Therapeutic test: He was relieved by a therapeutic test for ten days, when a 
paroxysm of nodal tachycardia began, associated with palpitation, ‘‘pins and 
needles,’’ tenderness, and hyperalgesia. The palpitation disappeared with return of 
normal rhythm, but the other signs and symptoms remained. Pressure on the left 
brachial plexus increased the severity of the precordial pain. Suggestion, with the 
aid of a red-colored placebo, immediately relieved all symptoms and signs; brachial 
plexus pressure now had no effect on the pain. Two weeks following discharge he 
returned because of intractable pain in the left shoulder, with inability to abduct his 
arm. A localized area of pain, tenderness, and hyperalgesia was demonstrated at 
the tip of the left shoulder. Within one minute of the production of a small novo- 
cain wheal, all complaints had disappeared, and motion of the arm was complete in 
all directions. 


Comment.—The coronary occlusion was the spark necessary to pre- 
cipitate the neurosis to which this man was constitutionally susceptible. 
The abnormal precordial sensation of tachycardia caused a recurrence. 
Suggestion relieved both neurotic episodes. Several cases of intractable 
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pain in the shoulder and difficulty in abducting the arm have been seen 
following a coronary occlusion in which the radiation was to the affected 
shoulder.*® The prompt response to psychotherapy makes one believe 
that some of these complaints are neurotic or hysterical in origin. These 
were not patients with the scalenus anticus syndrome.*? Moreover, ag- 
gravation of precordial pain by brachial plexus pressure*® is more fre- 
quently encountered in neurotics than in those with organic disease. 
Pressure on the top of the head (Case 6) or the lobe of the left ear will 
have the same effect in suggestible individuals. The pain may also be 
cured by increasing the pressure if suggestible patients (and neurotics 
are notoriously suggestible) are told that such a procedure will result 
in cure. ‘‘He cures most successfully in whom the people have the 
greatest confidence’’ (Galen*?). 

CasE 3.—Rheumatic heart disease, traumatic or compensation cardiac neurosis. 

Constitutional factor: 26-year-old, sheltered pharmacist, an only child, with a 
personal and family history of ‘‘nervousness.’’ 

Precipitating factor: Patient fell off a ladder, striking the left chest, two years 
previously, while employed as a drug clerk, and had been trying to obtain complete 
disability compensation since the accident. Recently he had heard that the verdict 
had been returned against him. The complaints became more severe. 

Symptoms: ‘‘Pins and needles’’ in precordial region, weakness, flushes, sweats, 


insomnia, and nervousness. 
Signs: Enlarged heart, mitral stenosis and insufficiency, aortic stenosis and in- 
sufficiency, regular sinus rhythm, functional classification IIA, inframammary ten- 


derness and hyperalgesia. 
Therapeutic test: Novocain relieved the complaints for three days. Symptoms 


recurred after his wife brought more bad tidings. 


Comment.—Except for some diminution of his cardiac reserve, the 
patient had no definite subjective or objective distress until his accident. 
He attempted to prove that the accident two years previously caused 
new damage to his already diseased heart, giving as evidence the newly 
developed symptoms. However, these were in fact due to a super- 
imposed cardiac neurosis. The rheumatic carditis was not responsible 
for the symptoms but may have caused the patient to focus his atten- 
tion (and so localize his neurosis) to the precordium. The therapeutic 
test and the exacerbation of complaints by psychic trauma confirmed 
the clinical and legal impression of neurosis. 


Case 4.—Hypertensive and rheumatic heart disease, traumatic or compensation 


cardiac neurosis. 

Constitutional factor: Thin, asthenic, unmarried, 40-year-old woman, in the meno- 
pause, emotionally unstable. 

Precipitating factor: Patient fell on the sidewalk two years previously; a law- 
suit was pending, and she was anxious over the outcome. 

Symptoms: Dyspnea, orthopnea, sticking inframammary pain, extreme weakness, 
sighing respiration, flushes. 

Signs: Enlarged heart, mitral stenosis and insufficiency, aortic stenosis and in- 
sufficiency, regular sinus rhythm, functional classification III, blood pressure 230/120, 
inframammary tenderness and hyperalgesia. 
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Therapeutic test: Two saline wheals relieved the patient of pain, subjective feel- 
ing of weakness, and sighing respiration, and decreased the number of flushes. It 
did not affect the dyspnea, orthopnea, basal rales, or size of the liver. Original 
complaints recurred after 10 days. 


Comment.—This patient’s heart was decompensated, yet there was 
definite evidence of an associated neurosis. Digitalis and the mercurials, 
of course, had no effect upon the latter. Therapy in compensation neu- 
rosis is generally unsuccessful until the litigation has ended. 


CasE 5.—Rheumatic heart disease, cardiac neurosis. 

Constitutional factor: Thin, pale, introspective, 24-year-old Italian girl. 

Precipitating factor: Four years previously, during the course of a routine phys- 
ical examination, a loud apical systolic murmur was heard. The physician told her 
that she had severe heart disease. She relinquished her position and since then had 
not ventured more than one-half mile from her home, fearing sudden death. 

Symptoms: Palpitation, sighing respiration, weakness, insomnia. 

Signs: Slightly enlarged heart, mitral stenosis and insufficiency, regular sinus 
rhythm, functional classification IIA, inframammary tenderness and hyperalgesia. 

Therapeutic test: Two saline wheals successfully relieved her distress. Two 
months after discharge from the hospital there was still no recurrence; the patient 
was working and leading a normal existence. 


Comment.—This neurosis was started and continued by a physician 
who measured the amount of cardiac damage and functional capacity 
by the loudness of a murmur. The patient had never had cardiac de- 
compensation and the heart was only slightly enlarged, yet the physician 
interdicted all activity for months. This not only removed four years 
of usefulness from this girl’s life but added an anxiety neurosis. 


CasE 6.—Hypertensive heart disease, cardiac neurosis. 

Constitutional factor: Obese, nervous Jew, 44 years of age, anxious about hyper- 
tension. 

Precipitating factor: A physician told the patient that he had hypertension. He 
was warned not to eat meat or salt because, if he did, he might ‘‘get a clot on 
the heart.’’ 

Symptoms: Sticking pain over the left nipple, radiating down the left arm and 
up to the neck, not related to exertion, inability to completely abduct the left arm, 
dizziness, insomnia. 

Signs: The heart was slightly enlarged, the blood pressure 160/110. Electro- 
cardiograms revealed evidence of slight myocardial damage. Inframammary tender- 
ness and hyperalgesia were present. Brachial plexus pressure and pressure on top 
of the head, on the left side, increased the precordial pain. It was observed that 
either a pinch of salt on his food or a forkful of meat would be followed imme- 
diately by complaints of increased pain, associated with exquisite precordial tender- 
ness and hyperalgesia. 

Therapeutic test: The ethyl chloride spray on one spot on the precordium re- 
lieved his distress and allowed immediate, complete abduction of the arm. He was 
slowly educated to the use of meat and salt. 


Comment.—This patient with mild hypertension was completely dis- 
abled by the anxiety neurosis caused by the advice of his physician. 
‘*Too many persons have been made invalids for the rest of their lives 
through the discovery of questionable hypertension. 
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CasE 7.—No organic heart disease, cardiac neurosis. 

Constitutional factor: 55-year-old, excitable, nervous Jew. 

Precipitating factor: Following an attack of substernal pain three years earlier, 
electrocardiograms were taken and reported as showing evidence of marked coronary 
disease. His physician painted a dark prognostic picture, told the patient to give 
up his position, warned him about sudden death, and suggested that he remain at 
home for about six months. 

Symptoms: Burning near the left nipple, radiating across the chest, occasionally 
‘*grabbing the throat,’’ weakness, flushes, sighing respiration. 

Signs: The heart was not enlarged. The blood pressure and electrocardiograms 
were normal. Inframammary tenderness and hyperalgesia were present. 

Therapeutic test: Three intradermal novocain injections relieved the complaints 
immediately. He was told that the pain might recur about 10 a.m. the following 
day. At 10:30 a.m. he began to shout because of severe pain, which was quickly 
relieved by a saline injection. 


Comment.—The patient was completely incapacitated mentally, eco- 
nomically, and socially by his neurosis. Incidentally, the electrocardio- 
gram taken three years previously was obtained and found to be com- 
pletely negative! 


CASE 8.—Hypertensive heart disease, cardiac neurosis. 

Constitutional factor: A 60-year-old German woman, anxious, worried. 

Precipitating factor: The patient had been recently married to a man socially 
beneath her, who, after 6 months of married life, confessed that he had syphilis. 
On entrance she manifested marked syphilophobia. 

Symptoms: Stabbing and burning over the left breast, weakness, flushes, sighing 
respiration, insomnia, 

Signs: The heart was slightly enlarged, the blood pressure was 180/110, and the 
electrocardiogram showed some evidence of myocardial damage. Tenderness and 
hyperalgesia were present beneath the left nipple. 

Therapeutic test: Positive. 


Comment.—The patient had been seen by several physicians, all of 
whom attributed her symptoms to hypertensive heart disease. They 
had neglected to question her concerning her social and personal life. 
It is probable that many symptoms attributed to hypertension are really 
due to the neurosis which is often present in those individuals who are 
anxious about the level of their blood pressure.*® The probable expla- 
nation for the dramatic relief of various symptoms by inert drugs and 
illogical operations is that suggestion eliminates the neurotic component 
from the clinical picture. 

CASE 9.—Acute coronary occlusion, cardiac neurosis. 

Constitutional factor: 56-year-old American woman, with a story of gastric 
neurosis and functional diarrhea since childhood; nervousness in family. 

Precipitating factor: Coronary occlusion. 

Symptoms: Twenty-four hours before admission, she was stricken with sudden, 
severe, vise-like, substernal pain, and went into shock. On arrival at the hospital 
her complaints were of sticking inframammary pain, weakness, and sighing res- 


piration. 
Signs: A pericardial friction rub was audible beneath the sternum. No tender- 
ness or hyperalgesia was elicited over this area. The electrocardiogram revealed 
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evidence of infarction of the anterior wall of the left ventricle. Inframammary 
tenderness and hyperalgesia were present. 

Therapeutic test: One intradermal novocain wheal relieved the pain, tenderness, 
and hyperalgesia for approximately 24 hours. The complaints recurred when a 
patient nearby suddenly became maniacal. The patient expired several days later, 


while asleep. 


Comment.—This is the only case of acute coronary occlusion in which 
tenderness and hyperalgesia were found early. It illustrates White’s** 
statement that ‘‘a patient dying of coronary thrombosis may or may not 
have tenderness over the sternum or precordium; if he does it is not the 
heart disease that causes it but the excessive sensitiveness of the nervous 
system that is fundamentally responsible, the heart disease likewise 
being the precipitating factor.’’ In our experience, pericarditis is in- 
frequently associated with pain or tenderness. It was probably not 
responsible for this patient’s later complaints. This case is presented 
to demonstrate that (1) ecardiae neurosis may be associated with an 
acute coronary occlusion, and that, (2) just as discovery of an organic 
lesion does not rule out the presence of a cardiae neurosis, so the exist- 
ence of a cardiac neurosis does not eliminate the possibility of an as- 
sociated, severe, organic disease. 

CASE 10.—Congenital heart disease, cardiac neurosis. 

Constitutional factor: A 40-year-old German who had been committed to several 
mental institutions and was constitutionally defective. 

Precipitating factor: While working as an orderly in a hospital, he had seen 
many cardiac patients die. He knew that he suffered from heart disease and was 


fearful of dying suddenly. Recently a member of his family had expired. 
Symptoms: ‘‘Pins and needles’’ beneath the left nipple, weakness, sudden 
sweating, faintness, and insomnia. 
Signs: Those of coarctation of the aorta. Tenderness and inframammary hyper- 
algesia were present. 
Therapeutic test: 
the ward. 


Positive. Complaints recurred whenever a death occurred on 


Comment.—This fear of death, particularly in heart patients, brings 
up the question of the advisability of segregating all patients with coro- 
nary occlusion in one room or ward. The sudden death of one of these 
patients must ‘‘strike terror in the hearts’’ of the others, who see this 
as evidence that their own fate is impending. The slightest precordial 
sensation would be expected, then, to cause panic in these individuals. 


CASE 11.—Congenital heart disease, cardiac neurosis. 

Constitutional factor: A 30-year-old American woman, obese, pregnant for two 
months. 

Precipitating factor: She had been warned by her physician not to become preg- 
nant because she had heart disease. Symptoms began when she discovered that she 
was pregnant. 

Symptoms: Precordial sticking and burning, weakness, dizziness, faintness. 

Signs: There was audible a machinery-like murmur at the pulmonic and left 
sternal regions. A systolic thrill (possibly caused by patency of the ductus) was 
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palpable over the upper precordium, Tenderness was present over the left breast, 
and hyperalgesia was limited by the midline to the entire left side of the body. 

Therapeutic test: Novocain immediately relieved the pain and tenderness but 
caused a complete left hemianesthesia. The patient left the hospital before investi- 
gation could be completed. 


Comment.—Autosuggestion was so marked in this case that the dem- 
onstration of anesthesia over the novocain wheal was sufficient to suggest 
complete unilateral anesthesia. 

CASE 12.—No organic disease, abdominal neurosis, induced cardiac neurosis. 

Constitutional factor: Obese, nervous, Jewish woman, in the menopause. 

Precipitating factor: Patient’s son had been sentenced to several months in jail 
for petty larceny six days before patient was admitted to the hospital. 

Symptoms: Pain in right upper quadrant, anorexia, aerophagia, sighing respira- 
tion, insomnia, and flushes, all of recent occurrence. 

Signs: Slight tenderness in right upper quadrant, hyperalgesia limited to tender 
area. 


Therapeutic test and comment.—This ease is presented to demonstrate 
the role played by heterosuggestion in the etiology of all neurosis, par- 
ticularly cardiae neurosis. The patient had no signs or symptoms refer- 
able to the heart, either in the past or present. Each day for five suc- 
cessive days her heart was examined, and tenderness and hyperalgesia 
were sought but not found. No comments were made, nor did anything 
in the examiner’s manner or expression suggest the presence of dis- 
ease. On the sixth day, after listening intently over the precordium, 
the examiner appeared worried, and asked the patient repeatedly if she 
was sure there was nothing wrong with her heart, and if she had not 
felt any pain over the left breast. The patient answered in the nega- 
tive, but two hours later the intern was called to see her in an attack 
of severe inframammary pain, sticking in character. Tenderness and 
hyperalgesia were elicited. A therapeutic test relieved not only her pre- 
cordial distress, but also the right upper quadrant pain which had been 
the original cause for her admission to the hospital. It is probable that 
many cases of cardiac neurosis are precipitated in suggestible individ- 
uals by such suggestion by physicians. Incidently, Morley*® states that 
hyperalgesia is frequently elicited over the abdomens of neurotic pa- 
tients in whom exploratory laparotomy reveals no evidence of disease. 

DISCUSSION 

All neurosis is caused by, or is the result of, hetero- and autosugges- 
tion.*! The latter?*: °° is probably responsible for the pain, tenderness, 
and hyperalgesia found in cardiae neurosis. Thirty patients convales- 
cing from other diseases were asked, (1) If you had heart disease where 
would you feel the pain? (2) Would finger pressure on one side hurt 
more than on the other? Where? (3) Would a pin prick be felt more 
on one side than the other? Where? Twenty-seven patients localized the 
pain near the left nipple, 25 believed tenderness would be present in 
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that area, and 23 expected hyperalgesia in the same region. Since the 
majority of laymen believe this triad to be associated with heart disease, 
one would expect it to be elicited in autosuggestible neuroties who 
believe they are so afflicted. It is the characteristic clinical finding in 
cardiac neurosis. 

The small amount of novocain used in these investigations acts by 
suggestion, since relief was also obtained by other simple procedures 
directed to the affected area. The demonstration of the loss of hyper- 
algesia (as prophesied by the physician) probably has marked autosug- 
gestive power. Moreover, the immediate, complete relief of symptoms, 
regarded with intense anxiety, by so simple a method helps to convince 
the patients of their unimportance. This use of novocain in hysterical 
hyperalgesia is a counterpart of Hurst’s®® therapy of hysterical anes- 
thesia with faradic stimulation. 


CONCLUSIONS 


(1) Cardiae neurosis is a distinct entity with characteristic findings 
which are recognizable even in the presence of organic heart disease. 
The criteria for a diagnosis of this condition are (A) an inherited or 
acquired predisposition to neurosis, (B) a definite precipitating factor, 
(C) symptoms such as inframammary pain, weakness, sighing respira- 
tion, insomnia, dizziness, ringing in the ears, nervousness, and irrita- 
bility, (D) inframammary tenderness and hyperalgesia, and (E) relief 
by simple procedures such as the therapeutic test described, namely, in- 
tradermal injection of small quantities of 2 per cent novocain together 
with suitable suggestion, the latter being the more important factor. 

(2) Individuals suffering from organic heart disease may have symp- 
toms and signs similar to the above which can be proved to be of neu- 
rotie origin. 

(3) When precordial pain is accompanied by superficial hyperalgesia 
and deep tenderness, it is more likely to be of neurotic than organic 
origin. 

(4) The findings in a group of 172 patients admitted to the hospital 
with a diagnosis of heart disease are described, and cases are reported 
to illustrate some of the features of combined organic and neurotic 
heart disease. 
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ACUTE ENDOCARDITIS IN WILD ANIMALS, WITH ESPECIAL 
REFERENCE TO THE OPOSSUM 


HerBert Fox, M.D. 
PHILADELPHIA, Pa. 


2 Sratepraegieemasini of acute endocarditis, particularly of the valves, 
may be widened by a knowledge of its occurrence in wild animals. 
In man, this pathologie process is commonly associated with rheumatism, 
or follows upon a flagrant acute infection. That rheumatism occurs 
spontaneously in lower animals remains to be proved, while acute 
fulminating infections are common and end fatally with great rapidity. 
Here follows an account of acute endocarditis as seen in the autopsy serv- 
ice at the Zoological Gardens at Philadelphia over a period of thirty 
years. Such evidence as can be adduced would certainly blame cocci as 
the principal cause, but a few unusual bacterial varieties are also repre- 
sented. Unfortunately, the facilities for thorough bacteriologic study 
were not regularly available. 


CARNIVORA 


Felidae.—Lion 1809, 91 months’ exhibit, had been in poor health for many days 
before death, which resulted from acute vegetative and ulcerative mitral and aortic 
valvulitis from which the anaerobic B. Afanassieffi (Migula-Chester) was isolated. 
Several embolic lesions were found, notably a large infarct in the spleen. (See 
Ostrich 6222. 

Canidae.—Fox 5765, 13 months’ exhibit, with no history of illness. There was a 
subacute and recent mitral valvulitis, and pneumonia. 


MARSUPIALIA 


Dasyuridae.—Tasmanian Devil 6017, 50 months’ exhibit. Suffered for some time 


with an abscess in mandible, probably of streptothrical origin, ending as an acute 
infection comparable, in lesions, to canine distemper. The mitral valve only had 
acute vegetations. 

Didelphiidae—Opossum—American variety throughout. 

1799, 17 days’ exhibit, presented evidences of an acute general infection of severe 
grade, including embolic foci such as abscesses; endocarditis involving all valves, 
the aortic particularly. 

2085, 1 month’s exhibit, never in good condition; acutely ill for several days 
before death, apparently with an infection like canine distemper. Mitral and aortic 
valves showed vegetations from which, however, no embolism had arisen. 

2115, 2 months’ exhibit. Belonged to same batch as 2085 and presented almost 
exactly the same lesions. 

2348, 9 months’ exhibit. No history. Acute general infection, pneumonic con- 


solidations, and mural endocarditis. 


From the Penrose Research Laboratory, Philadelphia Zoological Society. 
Received for publication Dec. 21, 1938. 
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2519, 1 month’s exhibit. No history. Acute general infection due to the pneumo- 
coccus, with valvulitis of all valves on the left side of the heart, passive congestion 
of the liver, and embolic foci in the kidneys. 

2544, 16 months’ exhibit. Very extensive, severe, and rapid infection, giving rise 
to pancarditis and stenosis and incompetencv of valves (record not thorough). 

2550, 1 month’s exhibit. Acute general infection seriously affecting mitral and 
aortic valves and giving embolic phenomena. 

9526, 1 month’s exhibit. Acute general infection due to staphylococcus, with 
mitral lesions and many embolic abscesses. 

9808, 5 months’ exhibit. A general infection, probably originating in a muco- 
purulent bronchitis. The mitral valve showed vegetative lesions and there were 
acute splenic tumor and a small renal abscess, 

10,159, 4 months’ exhibit. No history, protocol not thorough. Mitral valvulitis, 
acute splenitis, abscess in kidney, bloodstained urine in bladder. 

10,270, 4 months’ exhibit. Injury to leg, probably with infection. Decomposed 
at autopsy, vegetations on mitral valve only. 

11,061, 2 months’ exhibit. No history, protocol not thorough, but body probably 
the same, including mitral valve, as 10,270. 

11,011. Time on exhibit not certain, no history. Infection of pyemic type, 
emboli in spleen, kidney, and liver, with mitral vegetations. 


The disproportionate number of opossums (all Didelphis m. vir- 
gimiana) may be a result of the fact that more of these animals (271) 
have come to autopsy than any other. It is worth recording, however, 
that among 57 other opossums and 154 Australian marsupials, 93 rhesus 
macaque monkeys, 83 raccoons, 83 poreupines, and several large orders 
there were no cases of acute valvulitis. Opossums are never bought by 
the Zoo; they are usually donated by friends, commonly only with the 
story that they were found on the farm or free in the country. These 
animals adjust themselves poorly to captive conditions in a menagerie, 
the length of life being short and the death rate high. Younger opos- 
sums, and especially very young ones with the mother, show much osseous 
degeneration of the rickets type. There is a suggestion in these figures 
that opossums have a low endocardial resistence. 


PASSERIFORMES 


Icteridae.—Rice Grackle, 186 months’ exhibit. Had been in poor condition for 
some time, probably because of leg arthritis and pectoral myositis. There were acute 
endoaortitis and endocarditis of the seromuscular fold between the right auricle 
and ventricle. 

ACCIPITRIFORMES 


Falconidae.—Buzzard 3606, 43 months’ exhibit. Had poor feet for some time 
before death, but otherwise in good condition. Apparently nothing was wrong with 
the legs and feet, for the protocol fails to mention them. Thrombotic mitral 
valvulitis with splenic tumor. 

Buzzard 3870, 2 months’ exhibit. No history. Vegetative mitral valvulitis, with 
emboli in spleen and acute hepatitis. 

Eagle 10,566, 5 months’ exhibit. Gasping and not eating for 6 days ante mortem. 
Wound (from fighting?) in beak. Flat, not covered, not ulcerated, vegetations on 
seromuscular fold between right-sided chambers of the heart. Abscesses in myo- 
cardium, lung, and abdominal space. Staphylococcus cultured from heart valve. 
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Eagle 6827, 54 months’ exhibit. Cellulitis of legs for a week ante mortem, due 
to Staphylococcus awreus. Acute general infection seemed to arise from this, lead- 
ing to mitral valvulitis and acute splenitis. 

Eagle 2447, exhibit (?). Mural endocarditis around pulmonary base and aortic 


conus, 
STRIGIFORMES 


Strigidae——Owl 11,212. Injury in axillary region. No history. Thrombotic 


valvulitis of aortic and nearest mitral leaflet, extending into the aorta and left 


brachiocephalic vessel. 
ANSERIFORMES 


Anatidae.—Faleated Duck, 3566, 10 days’ exhibit. Recent cauliflower vegetations 


on mitral valve, with acute splenitis. 

Mallard Duck, 3599, (domestic ?) 5 days’ exhibit. 
mitral valvulitis, with necrotizing embolic lesions in spleen. 

Duck, 5653, 49 months’ exhibit. Recent myocarditis, and valvulitis of mitral 
and aortic leaflets, with embolism of spleen and kidney. 

Duck, 9623, 11 years’ exhibit. Recent injury to head. Thrombotic valvulitis 
of mitral valve, extending as a prolongation, not implantation, through aortic orifice 


A recent, acute thrombotic 


and obstructing it. 

Teal, 10,209, 8 years’ exhibit. Crippled two months. 
tricuspid valve, without obstruction, extension, or emboli. 

Goose, 11,675, 23 years’ exhibit. Injury to foot followed by local infection. 
General condition not poor at autopsy. Thrombotic valvulitis, posterior aortic cusp; 
plugging embolus in second left renal artery. Chronic focal nephritis; arterio- 
sclerosis; thyroiditis. Staphylococcus forms in smear from valve. 

Chinese Goose, 12,694. No history, 9 months’ exhibit. Granulomas of feet that 
became infected. Streptococcus of human type in foot and in vegetations on mitral 
and aortic valves. Acute diffuse hepatitis; acute focal and diffuse nephritis, both 
interstitial and parenchymatous; some scattered glomerulitis; mild acute degenera- 
tive and infiltrative myocarditis; vegetative and ulcerative valvulitis. This strepto- 
coccus killed a guinea pig in 7 days when given intraperitoneally in a dose of 1 c.c. 
of 24-hour meat infusion broth culture per 1000 gm. of pig weight. It had exudative 
When reisolated the cocecus was, with one exception, the 
A rat, mouse, rabbit, 


Vegetation on pulmonary 


pneumonitis and -pleuritis. 
same as stock controlled strain; it had become hemolytic. 
pigeon, and two geese remained alive 4 months after injections of comparable doses. 
No distinct lesions were discovered when they were killed. 

Goose, 12,387, 20 years’ exhibit. Well until 2 months before death, when it was 
found incoordinate. Very early granulations along closure line of pulmonary valve, 
which showed, on smear, streptococci in short chains. 

Swan, 9529, 2 months’ exhibit. Chronic amyloid disease of liver, kidney, and 
spleen, with pyelitis. Purulent arthritis of left leg. Came to menagerie lame. 


Recent small vegetations on mitral valve. 
PHOENICOPTERIFORMES 


Phoenicopteridae.—Flamingo, 10,573, 6 years’ exhibit. Recently developed acute 
arthritis of both feet, probably from an old lesion. Early pulmonary tuberculosis 
(arthritis also tuberculous?). On closure line of mitral valve there were small, gray, 
friable vegetations containing staphylococci. Myocardial degeneration; embolic 
abscesses in kidney. 

ARDEIFORMES 
Acute malignant val- 


Ardeidae.—Heron 7819, 5 months’ exhibit. No history. 
Acute enteritis 


vulitis, superimposed on fibrous, thickened, and calcareous valves. 


and nephritis. 
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Plegadidae.—Ibis, 9677, 10 years’ exhibit. No history. Death from acute en- 
teritis. Recent mural endocarditis on wall of left ventricle. 

Ibis, 11,404, 26 years’ exhibit. No history. Chronic salpingitis and arterio- 
sclerosis. Recent vegetative endocarditis on mitral and aortic valves. Staphylococcus 
found in the smear. Embolic foci in kidney, and acutely hyperplastic spleen. 


BALEARICIFORMES. 


Crane, 2 months’ exhibit. Never did well, probably because of 
Osteomalacia and tuberculosis of lung. One recent vegetation on 


Balearicidae. 
pedal fibromas. 
aortic value. 


CHARADRITFORMES 

Burhinidae.—Thicknee, 9963, 13 years’ exhibit. Lame in left leg from purulent 
pedal arthritis. Vegetation on pulmonary tricuspid that extended along artery to 
lungs. Other organs in early decomposition, but seemed otherwise normal. 

Charadriidae.—Oyster Catcher, 6158, 5 months’ exhibit. Scaly legs and feet for 
months before death. Cardiae lesion only important one found. Mitral (aortic 
leaflet) seat of recent vegetation running into auricle. Protocol states that 
Staphylococcus awreus was isolated, but note also indicates that Gram-negative cocci 
in staphylococcus groups and in short chains were seen in valves. No emboli. 


CASUARIIFORMES 
Casuariidae.—Cassowary, 5227, 8 years’ exhibit. No history. Protocol not clear. 
Vegetations on all valves. 

Cassowary, 6590, 69 months’ exhibit. No history. Despite a very advanced gen- 
eral infection, body was in good state of strength and preservation. Most important 
acute and advancing lesion not certain, but endocardial changes very marked. 
Bacteriologic culture overgrown by mould. Auriculoventricular fold of right side 
and mitral leaves showed vegetative endocarditis of productive type. 


STRUTHIONIFORMES 
Struthionidae.—Ostrich, 6222, 34 months’ exhibit. Afanassiew’s bacillus (Migula- 
Chester) and colon bacillus isolated from heart blood and vegetation. Vegetative 
and ulcerative lesions, with stenosis, on mitral and aortic valves. Splenitis with one 
(See Lion 1809.) 


abscess; parenchymatous nephritis; acute necrotizing enteritis. 
Ostrich, 7319, 175 months’ exhibit. 


Out of condition 1 week. 


Chronic enteritis 


and acute pancreatitis and splenitis. Recent mural and valvular endocarditis. 
Staphylococcus awreus cultured from heart and spleen. 
CARNIVORA Felidae Lion 1 
Canidae Fox 1 
MARSUPIALIA Dasywridae Devil 1 
Didelphiidae Opossum 13 
16 
PASSERIFORMES Icteridae Grackle 1 
ACCIPITERIFORMES Falconidae Buzzard and Eagle 5 
STRIGIFORMES Strigidae Owl 1 
ANSERIFORMES Anatidae Duck 5 
3 
Swan 1 
PHOENICOPTERIFORMES  Phoenicopteridae Flamingo 1 
ARDEIFORMES Ardeidae Heron 1 
Plegadidae Ibis 2 
BALEARICIFORMES Balearicidae Crane 1 
CHARADRIIFORMES Burhinidae Thicknee 1 
Charadriidae Oyster Catcher 1 
CASUARIIFORMES Casuarvidae Cassowary 2 
STRUTHIONIFORMES Struthionidae Ostrich 2 


? 
27 
43 
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Analysis of the pathologic forms shows predominance of the vegetative 
and thrombotic processes, ulceration being rare. Extension to the aortic 
and pulmonary vessels occurs almost exclusively in birds. Embolic 
secondary lesions were, as in man, chiefly in the kidneys and spleen, 
as infarets, abscesses, and glomerular lesions. Distinct embolic lesions 
were seen in 8 of 16 mammalian eases, and in 7 of 27 avian eases. 


The endocardial distribution of lesions was as follows: 


of 27 birds 


of 27 birds 


7 6 
Pulmonary valves. 1of 16 mammals - 3 of 27 birds 
0 of 16 mammals 


Right tricuspid - 
Seromuscular right 
auriculoventricular fold . . .- .~.... - 3 of 27 birds 


The medical history may be of some significance in attempting to ex- 
plain the origin of the endocarditis. Recent injury was noted in the 
history of 3 birds and 2 mammals. Injury of somewhat longer duration, 
pedal fibromas, and arthritis were recorded for 1 mammal and 10 birds. 
Several of the opossums had wounds of the feet. Acute infection (dis- 
temper type) was seen in 3 mammals, and chronic infection, usually an 
unhealed wound or slowly spreading cellulitis, in 1 mammal and 3 birds. 

It is not the purpose of this article to imply that these cases represent 
the exact incidence of endocarditis in wild animals, but to place on 
record what was found in the performance of some 13,000 autopsies. 
The high opossum incidence has been mentioned and partly explained, 
but the flagraney of the lesions and the briefness of the period during 
which these animals were on exhibition have not been emphasized. Every 
endocarditic lesion adequately described was prominently vegetative, 
more so than in most of the other animals, notably the birds. Four opos- 
sums had been on exhibition 1 month or less, suggesting that the process 
antedated capture, or began soon thereafter, upon coming in contact 
with unusual bacteria, and probably indicating a high vulnerability of 
the endocardium. Two others had an exhibition time of 2 months. Only 
five other animals in this series have short exhibition times, namely, a 
buzzard, 2 ducks, a swan, and a crane. The others lived longer periods, 
an ibis even 26 years. 

Though no claim concerning incidence is made, even for the opossum, 
it is well to record that the following animals were autopsied without 


finding endocarditis: 
Primates 820, Rodentia 500, Artiodactyla 475, Psittaciformes 1300, 


and smaller numbers belonging to many other orders. 
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THE EFFECTS OF WHOLE BILE AND BILE SALTS ON THE 
PERFUSED HEART 


G. Waxim,* M.D., Hiram E. Essex,t Pu.D., 
FRANK C. Mann,t M.D. 
ROCHESTER, MINN. 


[* CLINICAL and experimental work one frequently encounters cases 
in which the toxicity of bile is manifested. In addition to other symp- 
toms, bradycardia is common in patients with severe icterus. These gen- 
eral observations led us to undertake some investigations on the perfused 
mammalian heart which may contribute to a better understanding of the 
mechanism by which whole bile and bile salts affect the heart. These 
experiments enabled us, not only to watch the heart while it was man- 
ifesting the various changes that occurred when whole bile or bile salts 
were added to the perfusate, but also to take graphic records of the 
amplitude, rate, and rhythm of the cardiac contractions and of the dis- 
turbances appearing under the influence of the bile constituents. We 
found that whole bile from the gall bladder and commercial preparations 
of bile salts, when used in the perfusate, produce definite changes in the 
amplitude, rate, and rhythm of the contractions of the isolated heart. 
Horrall’s' review gives an excellent survey of the literature dealing 
with the toxicity of bile. He very clearly demonstrates the diversity of 
the opinions and of the results given by different workers. One of the 
constant autopsy findings of Bunting and Brown? was a pale, dilated, 
hyalinized, and necrosed myocardium, to which they attributed the death 
of their rabbits within twenty-four hours after the intraperitoneal in- 
jection of bile. Baltaceano and Vasiliu® attributed the hypotension pro- 
duced by intravenous injections of sodium glycocholate to the direct 
toxie effect on the heart. Emerson‘ produced a fall in blood pressure, 
arrhythmia, and sometimes cessation of cardiac activity by intravenous 
injection of whole bile or bile salts into dogs. He found sodium glyco- 
cholate to be more toxic than sodium taurocholate. Horrall and Carlson*® 
concluded that bile salts act on the vagus endings, and also directly on 
the heart muscle through the coronary circulation. Regan and Horrall® 
observed a fall in blood pressure as a result of intravenous injection of 
sodium glyecocholate into dogs. Still’ showed that small doses of bile 
acids, slowly administered intravenously, produce a slight rise in blood 
pressure, while large amounts produce a marked fall. He expressed the 
opinion that the effects of bile acids are ‘‘due to their being general 
protoplasmic poisons.’’ Ries and Still* coneluded from their observa- 
tions on dogs that bile salts in small doses cause an increase in the ir- 


*Fellow in Physiology. 
+Division of Experimental Medicine, The Mayo Foundation. 
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ritability of the vagal endings and that large doses tend to cause bloek 
of the same endings. The changes of pulse rate in cases of obstructive 
jaundice were attributed to the effects of bile salts on the endings of the 
vagus nerve. Meltzer and Salant,’ in their work on etherized rabbits, 
confirmed Still’s observations of the fall in blood pressure, and stated 
that bile inhibits the activity of the heart. Buchbinder’® attributed the 
bradyeardia produced in his experimentally jaundiced puppies to a re- 
flex through the vagus. Baruk and Camus"! injected human bile into 
various experimental animals and concluded that the symptoms produced 
could be attributed to bulbar intoxication. They observed that bile salts 
have a greater paralytic action than whole bile. 

The explanations of the toxic effects of bile constituents given by the 
various investigators differ so widely because of the presence of a number 
of mechanisms in the intact animal which render the situation equivocal. 
Among the possible causes for the controversy over the effect of bile con- 
stituents on the heart may be the difficulty of controlling the various 
factors operating in the intact animal. 


METHOD 


In order to avoid some of the uncontrollable factors, our investigations were per- 
formed on the isolated hearts of rabbits. The rabbits were etherized and bled through 
the aorta and inferior vena cava into a 2 per cent sodium citrate solution. The heart 
was removed, washed in warm Ringer-Locke solution, and perfused according to the 
usual procedure. The perfusate was made of oxygenated Ringer-Locke solution in 
triple-distilled water, according to the formula given by Bayliss,12 and was kept at a 
constant temperature of 38° C. throughout the experiment. Oxygenation was pro- 
duced by constantly bubbling oxygen through the reservoir containing the perfusate. 
The only interruption in the whole setup was the shifting from one Ringer-Locke 
perfusate to another to which a known quantity of whole bile or bile salt had been 
added. Whole bile was procured from the gall bladder by aspiration, and filtered be- 
fore use. We used human, rabbit, and dog bile. The bile salts used were com- 
mercial preparations of sodium taurocholate (Merck) and sodium glycocholate 
(Mallinckrodt). In the experiments in which red blood corpuscles were used, the 
citrated blood was centrifuged and the red cells were washed several times with 
Ringer’s solution before they were added to the perfusate. The contractions of the 
heart were recorded on a revolving kymograph by means of a lever connected to the 
apex. To prevent the passage of any particles that might interfere with the coronary 
circulation, the perfusate was filtered through glass wool before it reached the heart. 

In some experiments, instead of introducing the bile into the perfusate, it was 
injected into the tubing of the system at a distance of about 20 cm. above the aorta 
of the perfused heart. 

RESULTS 


In the control experiments the perfused heart continued beating with- 
out change in rate, amplitude, or rhythm, for a minimum of four hours. 

Sodium taurocholate (Merck), in concentrations of 50 to 200 mg. per 
liter of perfusate, produced definite changes in the amplitude, rate, and 
rhythm of the contractions. The amplitude decreased gradually; the 
rate was slowed; and the arrhythmias observed were of various kinds, 
such as ventricular alternation, ventricular extrasystoles, blocks of dif- 
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ferent degrees, and, finally, fibrillation and complete failure of the heart. 
A concentration of 100 mg. of sodium taurocholate per liter of per- 
fusate consistently brought about almost all of the aforementioned 
changes in the amplitude, rate, and rhythm within half an hour. 
Sodium glycocholate (Mallinckrodt), in concentrations of 50 to 200 
mg. per liter of perfusate, also brought about the aforementioned changes 


20 
Minutes 


Fig. 1—Kymographic tracings of the perfused hearts of rabbits under the influence 
of whole bile and bile salts in the perfusate at a temperature of 38° C. A, Control, 
arrow indicating the introduction of 3 c.c. of filtered, human, gall bladder bile per 
liter of perfusate. Successive tracings three, five, seven, ten, and twelve minutes, 
respectively, after the introduction of the bile. B, Control, arrow indicating the intro- 
duction of 100 mg. of sodium taurocholate per liter of perfusate. Successive tracings 
five, ten, fifteen, seventeen, and twenty minutes, respectively, after the introduction of 
the sodium taurocholate. C, Control, arrow indicating the introduction of 100 mg. of 
sodium glycocholate per liter of perfusate. Successive tracings seven, twelve, twenty, 
thirty, and forty minutes, respectively, after the introduction of the sodium glycocho- 


late, 
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in rhythm, rate, and amplitude, but took a longer time than the cor- 
responding concentrations of sodium taurocholate. 

Whole bile, aspirated from the gall bladder and filtered, when used in 
concentrations varying from 2.5 to 5 ¢.e. per liter of perfusate, produced 
the whole series of the aforementioned changes in less than half an hour, 
and the heart failed completely much earlier than when bile salts were 
used. The time required for the appearance of the cardiac disturbances 
and failure of the heart varied inversely with the concentration of the 
bile or bile salts in the perfusate. 

In several experiments we added 15 ¢.e. of washed red blood corpuscles 
per liter of perfusate and observed that the addition slightly delayed the 
onset of the disturbances of the heart beat produced by the bile salt. 
Hemolysis of the red blood cells did not oceur with the concentration of 
bile salts used in the perfusate. 

When bile was used, it was found that an injection of 0.1 ¢.c. of filtered 
gall bladder bile from rabbits, humans, or dogs immediately produced 
all of the various disturbances in rate, rhythm, and amplitude of the 
heart beat. Another injection of 0.1 ¢.c. of bile, given four or five min- 
utes after the first, produced total failure of the heart and complete ces- 
sation of its contractions. When 0.5 ¢.ec. of filtered gall bladder bile 
was injected in one dose, the heart was consistently brought to an ab- 
solute standstill in partial systole within a minute. Injections of 
adrenalin were of no help in any of the attempts at resuscitation of the 
failing heart. 

In order to see whether the increase in the sodium ion concentration, 
brought about by the addition of the sodium taurocholate or sodium 
glycocholate, might have any influence on the isolated heart, we ran 
controls in which corresponding amounts of sodium chloride were added 
to the original perfusate. The sodium chloride produced no change 
whatsoever in the rate, amplitude, or rhythm of the contractions. 

The results of the experiments were so uniform and definite that it is 
only necessary to reproduce sample graphs to demonstrate the changes 
recorded under the influence of whole bile, sodium taurocholate, and 
sodium glycocholate, when introduced separately into the original per- 
fusate (Fig. 1). In some experiments we observed an initial transient 
increase in the rate and amplitude of the heart beat immediately after 
shifting to the perfusate containing whole bile or bile salts. This seems 
to suggest compliance with the well-known general principle that many 
substances are stimulating in small amounts over short periods, but toxic 
or destructive over longer periods and in larger doses. 


SUMMARY 


A series of experiments were performed on the isolated perfused heart 
of the rabbit. The changes in cardiac activity were observed, and 
graphie records were taken to portray the disturbances produced by 
whole bile and commercial preparations of sodium taurocholate and 
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sodium glycocholate on the amplitude, rate, and rhythm of the con- 
tractions of the perfused heart. Definite and uniform effects were pro- 
duced. Commercial preparations of bile salts and whole bile from the 
gall bladders of humans, dogs, and rabbits produced a slowing of the 
rate of the perfused heart, a diminution in the amplitude of its contrac- 
tions, and a variety of irregularities in its rhythm, such as ventricular 
alternation, extrasystoles, and, finally, ventricular fibrillation, ending in 
complete cardiae failure. 


oe 
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CONGENITAL HEART DISEASE 


Report oF A CASE OF DEXTROPOSITION, PERSISTENCE OF AN EARLY STAGE 
oF EMBRYONIC DEVELOPMENT OF THE HEART, PERSISTENT TRUNCUS 
ARTERIOSUS, ABNORMAL SYSTEMIC AND PULMONIC VEINS, AND 
SUBDIAPHRAGMATIC Situs INVERSUS 


Davin W. GottMAN, M,D., AND Neuton S. STERN, M.D. 
Mempuis, TENN. 


REPORT OF CASE 


Baby boy C. G. was born Aug. 6, 1936, of a primiparous mother, and delivered 
by emergency cesarean section after a prolonged labor caused by a persistent right 
occiput posterior position. The birth weight was 8 pounds and 14 ounces. He 
breathed spontaneously and cried lustily, but his color was not good for twelve hours 
after birth. His breathing was rapid for several hours following delivery, and 
eyanotie attacks necessitated the administration of a 5 per cent carbon dioxide and 
oxygen mixture. He was given 20 c.c. of whole blood intramuscularly three hours 
after delivery. He was seen by one of us (D. W. G.) about twelve hours after 
birth. He was a large baby with rather extreme moulding of the head, and he had 
a large cephalhematoma over the right parieto-occipital region. The lips were 
slightly cyanotic. The heart sounds were fairly normal but seemed louder on the 
right side of the thorax than on the left. He was quite drowsy for forty-eight hours 
and took fluids poorly. He became cyanotic about twe or three times in each 
twenty-four hours, but responded well to the administration of 5 per cent carbon 
dioxide and oxygen. 

He was placed on an evaporated milk formula three days after delivery because 
of the critical condition of his mother, who subsequently died. His first few days 
were featured by a great deal of vomiting, sometimes projectile in type, intermit- 
tent attacks of cyanosis, diarrhea, and failure to progress in a normal manner. 
Because of this, and because the heart sounds seemed louder on the right side of 
the chest, a roentgenogram of the chest was taken six days after birth. This 
showed that the heart was on the right side. The stomach was found to be on the 
right side, and a dense shadow interpreted as being the liver was found on the left. 
Hence a diagnosis of situs inversus viscerum was made. Roentgenologic studies after 
the ingestion of barium confirmed this diagnosis. He was given several x-ray treat- 
ments over the upper chest because of a large superior mediastinal shadow. About 
ten days after birth, slight cyanosis was present. The hemoglobin was 114 per cent, 
and the erythrocyte count, 5,860,000. At no time during the baby’s thirty-nine-day 
stay in the hospital was a definite cardiac murmur heard, but, because of the dextro- 
cardia, the persistent cyanosis, the high erythrocyte count and hemoglobin value, 
and the failure to progress normally, it was felt that severe congenital heart disease 
was present in addition to the situs inversus. The baby was discharged Sept. 13, 
1936, in fair condition, weighing 9 pounds. 

At 2 months of age he weighed 10 pounds and 8 ounces. His respiration was 
quite rapid, and slight cyanosis was constantly present. No heart murmur was 
heard at this time. 
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At 3 months his weight was 12 pounds and 3 ounces, and his general condition 
good. His lips, hands, and feet were cyanotic, though this was not marked. He 
began to have severe blue spells which came on at irregular intervals. During these 
spells he jerked his arms but was not unconscious. They lasted approximately four 
or five minutes. A faint musical murmur was heard over the apex of the heart on 
the right side for the first time. His erythrocyte count was 5,470,000, and his 
hemoglobin, 107 per cent. 

At 3% months his weight was 13 pounds and 2 ounces. Definite clubbing of the 
fingers was noted. Cyanosis of the lips, hands, and feet was more marked. The 
erythrocytes at this examination numbered 6,020,000, and the hemoglobin was 113 
per cent. No murmur was heard. 

At 4 months of age his weight was 14 pounds, his erythrocyte count 6,350,000, and 
his hemoglobin 108 per cent. A twangy systolic murmur was heard in the fourth 
and fifth intercostal spaces about 2 em. to the right of the sternum. Severe cyanotic 
spells were not as frequent but were more prolonged. 

His progress for the next three months was good, and at 7 months of age he 
weighed 16 pounds and 12 ounces. Clubbing of the fingers was more marked, and the 
nail beds were more deeply cyanotic. Severe cyanotic spells were occurring about 
once every three or four days and usually lasted about four or five minutes. He 
seemed to be in severe pain when he had them and would try to jump out of his 
grandmother’s arms in order to get relief. 

At 10 months of age he had acute tonsillitis, with fever, from which he recov- 
ered in about three days. He sat up alone well at this time. Dyspnea and club- 
bing were more marked. His hemoglobin was 127 per cent, and the erythrocyte 
count was 6,501,000 at this time. 

When he was 1 year old he weighed 18 pounds. His tissue turgor was poor, and 
he seemed to wilt in the heat of the second summer. He had not been allowed to 
walk. Cyanosis and clubbing were marked. His respiration was very rapid, and his 
face had a pinched expression as if it were hard for him to get enough air. He 
gained only a few ounces during the next two months. He died while having gen- 
eralized convulsions, on Oct. 12, 1937, when he was 14 months and 6 days old. 

Although it was considered that an electrocardiogram would have been of great 
interest, it was not possible to take a tracing because of the child’s activity and 
lack of discipline, and anesthesia was deemed inadvisable because of the state 
of the heart. 

AUTOPSY 


The general autopsy was done by Dr. N. E. Leake, of the Baptist Memorial Hos- 
pital, and the special heart study by one of us (N. 8S. 8.). 

The terms right and left, in this description, apply to the right and left sides of 
the body. 

The Heart.—The heart was found to be in the dextroposition (Fig. 1), lying 
within a pericardial sac which was apparently normal. There were no signs of peri- 
carditis on the surface of the organ. Two auricles were present, the right and 
left. The left auricle had a small appendage which presented anteriorly and con- 
tained no clots. At its upper end there was a fairly large venous inlet, 5 mm. in 
diameter (Fig. 2). At its lower portion there was another venous inlet, approxi- 
mately 6 mm. in diameter, which came up through the diaphragm from the liver. 
One of the larger tributaries was apparently the inferior vena cava and could be 
traced by probe posterior to the liver. The interauricular septum (Figs. 3 and 4) 
was incomplete; its free edge was crescentic, with convexity upward, and it ran 
from the posterior wall to the anterior wall of the heart. It was 2.5 mm. thick at its 
edge. Five millimeters above this free border was the lower edge of a patent 
foramen ovale, which was 7 mm, in its long diameter. The right auricle had a small 
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appendage, without clot, which presented anteriorly. It was somewhat smaller than 
the left, and its inner surface was trabeculated except on the septal and anterior 
surfaces, where it was smooth. At its upper end there was a venous entrance about 
4 or 5 mm. in diameter, so situated that the main blood stream could go fairly 
directly through the patent foramen ovale into the left auricle. 


Fig. 1.—This illustration shows the situs inversus below the diaphragm and the 
dextroposition of the heart. The azygos lobe of the left lung is clearly portrayed. 


Fig. 2.—The heart is pulled to the right, showing the superior cava on the left (ex- 
aggerated by a probe). 
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Fig. 3.—The opened heart. See Fig. 4 for the names of the parts and the course of 
the blood flow. 
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Fig. 4.—Sketch of the opened heart (see Fig. 3), showing the chambers and parts, and 
indicating by arrows the course of the blood flow. 
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Immediately below the defective interauricular septum there was a defective 
interventricular septum with erescentic border curving downward instead of up- 
ward. To the left of this border there was an opening into a small left ventricle. 
This entrance was guarded by one normal, thin valve on its left wall, and portions 
of two other valves which rode over the septal margin and continued into the right 
ventricle. Apparently, when the heart contracted these valves floated up and pre- 
vented regurgitation into the auricles, but at that time they were sufficiently elevated 
above the septal margin to allow blood to flow from the left ventricle into the right 
ventricle. This was the only outlet from the left ventricle. The left ventricle 
formed the apex of the heart. 

The two valves which rode over the septum, together with another valve which 
eame down the middle of the right ventricle to be attached to a papillary muscle 
arising almost from the apex, were the valves of the right ventricle. The portion 
of the ventricle between these valves and their chordae was apparently smaller than 
that part of this same ventricle which lay anteriorly and to the right. This larger 
portion of the right ventricle emptied into a single aorta, which was guarded by 
three apparently normal aortic cusps. Two coronary orifices, arising from the 
posterior and right sinuses of Valsalva, respectively, were apparently normal. The 
coronary arteries were not traced farther. 


Fig. 5.—The truncus and its first branches: a, right pulmonary artery; b and ec, 
branches to upper portion of the body; d, right superior vena cava. A and B represent 
different stages of dissection and different aspects of the specimen. 


The Aorta and Pulmonary Arteries——The aorta, or truncus itself, was lined with 
normal, smooth endothelium. It was approximately 10 mm. in diameter at its 
origin. It pointed upward and to the left and arched back in the same general 
direction and manner as the normal human adult aorta. There was only this one 
outlet from the heart, however, and it remained intact for three centimeters. At 
this point (Figs. 5 and 6) its branches began. A common trunk on the right gave 
rise to three vessels which diverged almost immediately. The first (Fig. 5a) went 
straight to the right and ran to the hilum of the lung. It lay posterior to the vein 
which emptied into the right auricle. It was rather small, tapering off to an ex- 
ternal diameter of 2 mm. at its midportion, but becoming larger at the hilum, 
where the flattened artery was 5 mm. across. The middle vessel proceeded upward, 
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and, after a distance of 10 mm., it divided into two branches. The third vessel, as 
far as could be seen in the specimen, remained single. These vessels were both 3 
mm. in external diameter. What parts were supplied by these arteries (Fig. 5, b 
and c) was not ascertained before the organ was removed. 

Just to the left of the common trunk from which these three vessels originated, 
and in the angle it formed with the aorta, another vessel, 3 mm. in diameter, arose. 
Above this point, naturally, the aorta became smaller. Five millimeters higher on 
the superior surface of the arch two vessels arose almost by a common trunk (Fig. 
6, b and ¢), one 2 mm., and one 3 mm., in diameter. Opposite these two vessels on 
the posterior undersurface of the arch, there arose another artery 3 mm. in diam- 
eter, which curved posteriorly and downward for a distance of approximately 1 cm., 
and then turned sharply to the left to the hilum of the left lung (Fig. 6, e). This 
artery promptly divided into much larger branches than its parent stem, the lower 
flattened artery being 9 mm. across, the upper 5 mm. In the elbow formed by this 
artery there were two veins, to be described later, which emptied into the left 
‘“superior cava.’’ From this point on, the aorta continued its arch without fur- 
ther important branches. 


Fig. 6.—The truncus and its later branches. b and ec, other arteries to the upper 
parts of the body; e, the left pulmonary artery; f, the left superior vena cava; g, the 
pulmonary vein entering the left superior vena cava; h, vein from the posterior 
mediastinum. A and B represent different stages of the dissection and different 
aspects of the specimen. 


The Systemic Veins.—The inferior cava was on the left side, and entered the 
left auricle from below. Into it drained, as usual, the veins from the liver. The 
left superior cava emptied into the upper portion of the left auricle. Two centi- 
meters above the auricle, there opened into this superior cava from the right a 
vessel which carried all of the oxygenated blood returning from the lungs (Fig. 6, 
g). One and one-half centimeters above this there was a smaller vessel entering 
from the right which could be traced downward in the posterior mediastinum and 
was lost on the posterior wall of the esophagus (Fig. 6, h). In the intact specimen 
the superior cava lay adjacent to, and somewhat posterior and to the left of, the 
first portion of the truncus. The superior cava passed down anterior to the pul- 
monary vessels and the left main bronchus. 

On the right there was another superior cava which emptied into the upper aspect 
of the right auricle. It was about one-half the size of the left cava. It lay about 
1 em. away from the first portion of the truncus and posterior and to the right of 
it. It passed in front of the right pulmonary artery and the hilum of the lung. A 
small tributary from the mediastinum entered on its posterior surface. This cava 
evidently drained the right side of the neck and head. 
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The Pulmonary Veins.—Two pulmonary veins emerged from each lung and on each 
side joined to form a single vessel (Fig. 7). These vessels approached each other in 
the mediastinum posterior to the heart and pericardium. The right and left vessel 
met, and from the upper border there emerged a single vein which passed upward 
and to the left behind the left main bronchus and under the arch of the truncus. It 
then curved forward and down to the left across the left pulmonary artery and 
entered the left superior cava as described before (Fig. 6, g). This vessel became 
quite narrow, its flattened width being only 2 mm. as it passed over the bronchus. 
It was wider posteriorly and anteriorly. 

The Lungs.—The left lung was composed of three lobes. The upper was fairly 
large and occupied the superior and posterior half of the chest. The lower was of 
about the same size and occupied the inferior half of the chest. The fissure between 
these two lobes ran anteriorly about one-half the way and then passed anteriorly and 
upward toward the apex, separating from the upper lobe a small third lobe which 
lay anteriorly. The caudal end of this small and narrow lobe lay for a short distance 
against the lower lobe. This was the azygos lobe. 


1LV.C. 


Fig. 7.—Diagram of the heart and vessels, showing the circulation: J.A.D., inter- 
auricular septal defect; J.V.C., inferior vena cava; I.V.D., interventricular septal 
defect; L.A., left auricle; L.L., left lung; L.P.A., left pulmonary artery; L.P.V., left 
pulmonary vein; L.S.V.C., left superior vena cava; L.V., left ventricle ; P.V., pulmonary 
vein; R.A., right auricle; R.L., right lung; R.P.A., right pulmonary artery; R.P.V., 
right pulmonary veins: R.S.V.C., right superior vena cava; R.V., right ventricle; 
Tr. art., truncus arteriosus. 


The right lung was composed of three lobes whose fissures ran as in the normal 
pattern. The middle lobe was smaller than usual because the heart occupied a por- 
tion of this side of the chest. There were adhesions of the undersurface of this lung 
to the upper surface of the diaphragm. 

The kidneys were essentially negative except that the left kidney had rather dark 
markings in the inferior half, and near the lower pole there was a small, dark, pos- 
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sibly hemorrhagic area, The right kidney was approximately the same. Both kidneys 
showed definite fetal lobulation. The capsules stripped easily. 
The organs were not weighed; the thoracic and abdominal organs have been re- 
tained intact. 
DISCUSSION 


The Heart.—Two types of dextrocardia are recognized. In the type 
which Abbott? classifies as a, ‘‘the heart is not transposed, but presents 
simply a persistence of the embryonic stage in which the heart lies more 
to the right, and its apex is formed by the right half of the common ven- 
tricle.’’ The heart ‘‘appears to have undergone a simple rotation from 
left to right on its vertical axis, so that its left chambers come to lie 
more anteriorly and its right chambers more posteriorly.’’ ‘‘This, 
which is not a true transposition, is the condition present in the ma- 
jority of the cases of congenital dextrocardia without situs inversus. In 
these cases the heart is usually the seat of grave associated anomalies.’’ 

In Abbott’s second, or b, type, there is a complete reversal of all parts, 
so that the heart presents a mirror image of the usual condition. ‘‘In 
complete situs inversus this ‘mirror’ condition is the rule, but true trans- 
position of the heart only, without situs inversus, is exceedingly rare.’’ 

The presence of situs inversus in our case suggests that the dextro- 
cardia might be of the mirror-image type. Two facts, however, are 
against this interpretation. The apex was not formed by the right ven- 
tricle, but by the left, although the latter was the smaller of the two. 
In the second place, the persistent truncus arteriosus curved to the left 
and followed the course of the normal aorta. If the inversion were com- 
plete in all respects, it would be expected that the aortic arch would 
curve to the right and pass down along the right side of the vertebral 
column. It might be expected that there would be reversal of the lungs 
also, with three lobes on the left instead of the right, and an azygos lobe, 
if present, on the right. In the present case the reversal did not exist; 
the normal three lobes remained on the right, and the usual two lobes, 
with the azygos lobe, were on the left. y 

On the other hand, neither does the case here described fulfill all of 
the requirements for inclusion in Type a. In the first place, situs in- 
versus was present, which is usually not the case in this type. Secondly, 
there was no ‘‘simple rotation’’ from left to right, bringing the left 
ventricle anterior. The left ventricle remained posterior and on the left 
side of the heart. 

According to Frazer,? the human embryonic heart in the sixth week 
is characterized by these features: the heart as a whole lies largely to 
the right; the right ventricle is larger than the left and is the origin of 
the truncus; the truncus passes upward and to the left; the small left 
ventricle empties only over the incompleted interventricular septum. 
All of these characteristics existed in this heart, so that the conclusion 
is obvious that it represents the persistence of a normal stage of develop- 
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ment of the embryo. That the apex was formed by the left ventricle 
rather than the larger right may probably be ascribed to the growth of 
the left ventricle during the later stages of prenatal, and the fourteen 
months of extrauterine, existence. 

This heart does meet, then, the important criteria of Type a dextro- 
cardia; it lay largely to the right and presented a persistence of a nor- 
mal stage of embryonic development with ‘‘grave associated anomalies. ’’ 

If this classification is correct, and the lungs are not reversed, there 
exists the very unusual condition of situs inversus below the diaphragm, 
but no inversion of the organs above. 

That the heart lay largely to the right rather than to the left may 
have been due, in part, at least, to the levoposition of the liver. The 
left lobe was thus higher than the right, which would crowd the heart 
from the left into the roomier right chest. 

The inferior cava emptied into the heart on the left instead of the 
right. The inverted position of the abdominal organs explains this. In 
an early stage there are two posteardinal veins. With the bulk of the 
liver developing on the left, it is easy to understand why the right post- 
cardinal vein should atrophy and disappear, leaving the left alone to 
earry the return flow of all subdiaphragmatic blood. 

Further evidences of the persistence of the fifth-sixth week embryonic 
stage were the incompleteness of both the interauricular and the inter- 
ventricular septa, the development of the foramen ovale in preparation 
for the completion of the interauricular septum, and the small size of 
the left ventricle, which has no function until the truneus has been 
divided into the two aortae. 

The Truncus.—According to Abbott,® ‘‘Gierke suggests that the pres- 
ence of four semilunar cusps .. . is positive proof of an undivided 
primitive arterial trunk, while the presence of three semilunar cusps 
... argues that development of the aortic septum has occurred and that 
obliteration of one or other of the vessels had taken place as a secondary 
event.’’ In the case here reported, the origin of the truncus was 
guarded by three normal semilunar valves. No structure was found 
that might have been the remnant of the pulmonary artery. No ridges 
or signs of division were present in the truneus. The presence of the 
three valves, instead of four, was the only suggestion that this was not 
an absolutely true persistence of the primitive truncus. Otherwise, it 
definitely falls into the classification of this rare anomaly in which 
Abbott* includes twenty-one of her 1,000 rare cases of congenital heart 
disease. 

The truncus itself was a single vessel without any evidence of division 
or attempts at division. Three centimeters above its origin there arose 
two vessels, one on the right and one on the left, which were the only 
sources of blood supply to the lungs. These represented the remnants 
of the sixth aortic arches, from which the pulmonary arteries develop. 
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This state of development is that present in the human embryo at the age 
of about five to six weeks, and is comparable to the adult condition in 
the frog. The branches above these pulmonary arteries supply the 
upper portions of the body. Since they were severed in doing the 
autopsy, their distribution can only be assumed. 

It is of interest to note that these pulmonary vessels entered the 
hilum of the lungs anterior to the main bronchi. 

The Systemic Veins.—In the early stages of development of the em- 
bryo, the sinus venosus is found to be a sort of pool, into which empty 
a right and a left precardinal vein and a right and a left postcardinal 
vein. In embryos of six to eight weeks of age the atria have developed 
much more rapidly in size than the sinus venosus, and incorporate the 
latter into the auricular wall. At the same time, the left precardinal 
and posteardinal veins usually atrophy and disappear, so that, at about 
seven weeks, the blood from the head end of the embryo returns to the 
heart by the right precardinal vein, now become the superior vena cava, 
and the blood from the caudal end returns by the right postcardinal 
vein, now become the inferior vena cava.” 

In our case, development evidently ceased at the fifth or sixth week. 
Both precardinal veins persisted, but the left was larger than the right. 
The sinus venosus was taken up by the auricular wall. The left post- 
cardinal vein persisted as the inferior vena cava because of the situs 
inversus, and the right, having no function, atrophied and disappeared. 
If the heart had continued its development and the septa had been com- 
pleted, only the smaller right superior cava would have emptied into 
the right atrium; and the larger superior cava on the left and the in- 
ferior vena cava would both have emptied into the left atrium. 

The blood that entered the heart by these channels, however, was not 
all systemic blood. The return flow from the lungs was poured into the 
left superior cava and then was mixed further with the systemic blood 
in the communicating chambers of the heart. The case can therefore 
be said to belong to the group of congenital heart disease with cyanosis. 

The mixed blood passed from the heart into the trunecus, and from 
thence part of it went through the branches to the lungs, as described 
above, and the rest to the various parts of the body. 

The Pulmonary Veins.—There is evidently some difference of opinion 
as to the origin of:the pulmonary veins. According to Flint,® who made 
careful studies of the pig embryo, the pulmonary veins start in the 5 
mm, pig as a single outgrowth from the posterior wall of the undivided 
auricle. In the 6 mm. pig, the auricular septum has grown enough to 
indicate that this vessel empties into the left auricle. In the 7.5 mm. 
embryo, two small tributaries are seen, which are lost in the capillary 
plexus about the headgut, thus establishing a drainage system from the 
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Schmidt,’ according to His, reported a single vessel entering the left 
auricle of a human embryo. The earliest embryo examined by His* 
himself already had four pulmonary veins. The rapid enlargement of 
the auricle engulfs the single and double branches, so that eventually 
there are normally in the adult four pulmonary veins entering the 
auricle directly. 

Keith, in his recent textbook, makes the statement that ‘‘the pul- 
monary veins grow out from the pulmonary buds, and enter the left 
auricle through the venous mesocardium about the fifth week.’’ 

In the case here presented the manner of drainage of the pulmonary 
veins was so unusual that it is difficult to explain. If the primordial 
vein grew from the auricle, then branched to reach the pulmonary eapil- 
laries, it must follow that this main stock eventually atrophied and 
disappeared, leaving the right and left branches joined in the midline. 
These sought an outlet through the devious capillaries about the pul- 
monary anlage and eventually followed the bizarre pathway here found. 
If the theory of Keith is correct, the vessel entering the auricle never 
existed in this case, but the vessels developed from the pulmonary bud 
areas, joined in the midline, and then followed the bizarre pathway to 
the left superior vena cava, instead of reaching the auricle. 

According to Thoma, as translated by Flint,'® it has been ‘‘found in 
the chick that arteries and veins are originally simple capillaries. The 
subsequent transformation of the latter into arteries, on the one hand, 
and veins, on the other, is due to their fortuitous location with reference 
to the primitive aortae and the venous ostia of the heart. Their growth 
in size bears a definite relationship to the velocity of the current in 
them, while their arterial or venous nature is determined by the charac- 
ter of the current ... (which) depends naturally on its position on the 
arterial or venous side of the capillary plexus.’’ 

When development ceases and growth continues, unusual tensions 
may be put on the pathways the blood usually takes. This may prove 
an obstacle to easy blood flow, and the blood seeks an outlet with less 
resistance through other and unusual channels in the capillary plexus. 
With the enlargement of the new channels because of the velocity and 
volume of the stream through them, their growth is stimulated further, 
while the normal pathways, carrying less and less blood, eventually 
atrophy and disappear. 

SUMMARY 


A ease of congenital malformations with several unusual features is 
reported. These features include situs inversus viscerum below the dia- 
phragm but not above; dextroposition of the heart ; cessation of develop- 
ment of the heart at the fifth-sixth week stage of embryonic develop- 
ment; persistence of a truncus arteriosus with pulmonary arteries 
branching from this; two superior venae cavae and a left-sided inferior 
vena cava; and very abnormal pulmonary veins. 
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MEDIONECROSIS AORTAE IDIOPATHICA CYSTICA 
Report oF A Case, WitH ‘‘HEALED’’ DissEcTING ANEURYSM 


JosEPH THOMAS Roserts, M.D.* 
CLEVELAND, OHIO 


YSTIC necrosis of the aortic media is a rarely recognized disease 

which was first described in 1929 by Erdheim.':? The eystie de- 
generation develops in focal accumulations of chromatrophic or mucoid 
material, with tearing of the elastic laminae of the media and with some 
evidence of reparatory proliferation of connective tissues. The only 
thorough review of the pathology of the condition which has been pub- 
lished in English is that of Moritz.* He found only twelve cases,*® 
up to 1932, including three of his own. Glendy, Castleman, and White’® 
described typical cystic medionecrosis in eight of their nineteen cases of 
ruptured dissecting aneurysm; in the others, adequate histologic study 
had not been made. The condition was present in all five of the cases 
of ‘‘spontaneous’’ rupture of the aorta due to dissecting aneurysm re- 
ported by Klotz and Simpson.'! Gobel*® and Milew*® have reported 
single cases. 

Thus, twenty-seven cases of cystic medionecrosis have been found in 
the literature. All of the patients died from rupture of a dissecting 
aneurysm. It is evident, therefore, that the condition is of great patho- 
genie or etiologic significance in dissecting aneurysms. This pathogenic 
relationship has been overlooked in the otherwise thorough recent re- 
views of dissecting aneurysm.’ 14 

The purpose of this paper is to report a case of ‘‘healed’’ dissecting 
aneurysm due to idiopathic cystic medionecrosis of the aorta, in which 
the clinical and pathologic features were sufficiently distinctive to sug- 
gest the possibility of making the diagnosis during life. 


REPORT OF CASE 


Walter D., No. 100-525, a 33-year-old white man, entered Lakeside Hospital Jan. 
23, 1937, suffering from severe cardiac decompensation. This was thought to be due 
to syphilitic aortic insufficiency with a bizarre valvular lesion. On the third hospital 
day, while lying quietly in bed, he suddenly complained of being dizzy, sat upright, 
and died almost immediately. 

Past History—In August, 1928, he contracted syphilis. Intensive antisyphilitic 
treatment was given here from September, 1928, until November, 1931, during which 
time he received thirty-three injections of bismuth, forty-seven injections of 
arsenicals, and eleven injections of mercuric salicylate, besides mercury rubs and 
iodides. After April, 1930, his blood and spinal fluid Wassermann reactions were 
repeatedly negative. On frequent examinations no abnormality of the heart was 
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ever detected; his blood pressure was always within the normal range. In October, 
1933, a soft systolic murmur was heard over the aortic area. 

Present Iliness.—On Feb. 19, 1934, while carrying a heavy basket on his job as a 
train porter, he suddenly suffered from severe substernal pain of an oppressive na- 
ture, extreme weakness, dizziness, shortness of breath, palpitation, chilliness, and 
muscular pains. The physical signs were those of highly developed aortic regurgita- 
tion, with a very marked diastolic aortic thrill and an Austin Flint murmur. In addi- 
tion, there was also a very intense systolic thrill of a peculiar vibratory nature, and 
a long, coarse, whistling systolic murmur over the aortic area and neck vessels. The 
blood pressure was 160/30. Syphilis was thought to be the sole cause. The ex- 
tremely loud murmurs and intense thrills suggested the possibility of rupture of an 
aortic valve cusp. During the next two years he was a cardiac invalid, but remained 
in fairly good condition except for frequent, transient exacerbations of symptoms. 
These responded well to rest in bed, digitalis, sedatives, iodide, and bismuth. The 
physical findings remained about the same except for the appearance of a difference 
in blood pressure in the two arms, e.g., 160/40 in the right arm and 200/40 in the 
left. Progressive enlargement (Fig. 1.) of the whole heart and the great vessels was 
demonstrated by percussion and fluoroscopy. 


Fig. 1.—Roentgenograms of the chest, showing the progressive enlargement of the 
heart and aorta between the time of the onset of symptoms and death. A. March, 
1934; B. November, 1936. 


Heart sound tracings (Fig. 2) showed, at the apex, a double component to the 
second sound, with a marked diastolic murmur which was greatly accentuated in 
presystole, while at the aortic area there were a coarse diastolic murmur in pre- 
systole and a systolic murmur. Subclavian pulse tracings, which also suggested that 
the valvular lesion was peculiar in structure, showed a free ejection phase as in 
syphilitic aortic insufficiency, but there was also a sharp incisura near the bottom of 
the catacrotic limb. This indicated that the aortic valve was functioning and is taken 
as evidence of ring dilatation rather than valve distortion of either the rheumatic 
or syphilitic type. The electrocardiogram was normal, except for increasing left axis 
deviation and the presence of U waves. 

In November, 1936, serious decompensation developed for the first time, with 
edema of the ankles and legs and an enormous increase in the size of the heart. The 
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heart sounds and murmurs were much louder and the thrills and shocks more intense 
than before. The change in character of the sounds and murmurs strongly suggested 
the possibility of rupture of an aortic cusp. In December, 1936, congestive heart 
failure began to progress rapidly. There was constant pain in the right lower chest, 
under the sternum, and over the precordium. On December 31, 1936, severe shooting 
pains began in the lower part of his back. These lumbar pains increased daily, and 
he complained of ‘‘something wrong in his stomach.’’ His arms felt ‘‘weak and 
dead-like’’ and his feet were very cold. On Jan. 23, 1937, the pain in the epigastrium 
and lumbar region became so severe that morphine in large doses was required for 
relief. Three days later he died with dramatic suddenness. 


AUTOPSY 


Post-mortem diagnoses: Idiopathic cystic medionecrosis of the aorta, with numer- 
ous, small, dissecting aneurysms of the descending abdominal aorta; rupture of the 
ascending aorta; healed focal dissection of the ascending aorta, with formation of 
a transverse projection into the lumen; hemopericardium (800 c¢.c.) ; left-sided hemo- 
thorax (400 c¢.c.); hypertrophy and dilatation of the heart (weight, 960 gm.); 
insufficiency of the aortic valve due to dilatation of the valvular ring; hyperemia of 
the lungs and liver; remote infarcts of the lower lobe of the right lung. 


4 
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Fig. 2.—Lower curve: Heart sound tracings made with the receiver over the aortic 
area, showing systolic (1) and diastolic (2) murmurs. Middle curve: Subclavian 
pulse curve, showing the sharp ejection phase and the marked incisura near the 
bottom of the catacrotic limb. Upper curve: Heart sound tracings made with the 
receiver over the apex, showing the systolic murmur (1) and the two components 
(2 and 3) of the diastolic murmur. 


Heart.—Greatly enlarged in all chambers, measuring 20 em. from base to apex 
and 14 em. across the base. Both ventricles were greatly hypertrophied and dilated ; 
the wall of the right ventricle was 16 mm. thick, that of the left 32 mm. The myo- 
cardium appeared firm and of normal color, with no gross infarction. The columnae 
carneae and pectinate muscles were flattened. The papillary muscles were essentially 
normal. The chordae tendineae were not thickened, shortened, or adherent. The 
cusps of the mitral, tricuspid, and pulmonary valves were thin, delicate, and showed 
no abnormalities. The aortic valvular ring was moderately dilated, measuring 9 
em. in circumference. The aortic semilunar cusps were large, not deformed, and 
were not separated from each other or fused at the commissures. There was no evi- 
dence of syphilitic or rheumatic valvulitis. Aside from being greatly distended, the 
coronary arteries and veins were normal. 
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The aorta showed none of the typical changes of syphilis or advanced arteriosclero- 
sis. The entire ascending aorta formed a fusiform aneurysm which measured about 
12 em. in circumference. On the intimal surface there were large transverse tears in 
eight places in the ascending aorta, in one place in the arch just distal to the origin 
of the left subclavian artery, and in five places in the lumbar portion of the abdom- 
inal aorta. These transverse tears extended through the intima and for a short dis- 
tance into the media, Several were deeper, extending at least halfway through the 
media; in these the media was split and slightly elevated above and below the tear 
(Figs. 3, 5, 6). Evidently these were beginning dissections. Through one of the 


Fig. 3.—Drawing of the heart and aorta, showing the transverse, shelflike projec- 
tion just above the right coronary orifice, produced by a healed, focal, medial dissec- 
tion. Also shown are the numerous transverse intimal fissures in the ascending aorta 
and in the lumbar abdominal aorta (inset). Through one of these fissures, above the 
noncoronary cusp, the rupture of the ascending aorta occurred. 
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lowermost of the transverse tears in the ascending aorta, 3.5 em. above the left 
coronary cusp, there was a rupture through the entire wall of the vessel (Fig. 3.). 
This was in the long axis of the transverse tear and was the only rupture of the 
aorta. Through it, approximately 800 ¢.c. of blood had escaped into the pericardial 
cavity, resulting in cardiac tamponade. 

Immediately above the origin of the right coronary artery there was a large trans- 
verse projection (Figs. 3 and 4) which was fairly smooth on both surfaces, This 
shelflike fold was fairly stiff and inelastic, and projected 1 cm. into the lumen of 
the aorta. It was semilunar, and so similar to an aortic valvular cusp that at first 
it was mistaken for a supernumerary right coronary cusp, Just above this trans- 
verse fold the intima was eroded or dissected away, leaving a rough, wrinkled area 
6 by 7 em. in size. 


Fig. 4.—Photomicrograph of longitudinal section through the wall of the ascending 
aorta at site of the transverse shelf. Note the marked cystic degeneration in the 
media, with rupture of elastic laminae. The edge of the right coronary cusp of the 
aortic valve is seen at the left, near the bottom. Weigert elastic stain; magnifica- 
tion, 18 diameters. 


The remainder of the thoracic aorta, and especially the lower lumbar portion of 
the abdominal aorta, showed a few irregular atheromatous plaques of small size and 
a few small areas of wrinkling, but in general it was quite smooth and entirely de- 
void of evidence of syphilitic aortitis. No thrombi were present. 
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Microscopic Examination.—Sections from many portions of the aorta showed 
focal accumulations of chromatrophic material between the elastic laminae of the 
media throughout the entire vessel. In most places this material contained minute 
vesicles, and frequently there were larger cavities apparently formed by fusion of 
adjacent vesicles. Generally, the intima appeared normal, and nowhere did the 
adventitia show significant changes. The vasa vasorum showed no endothelial pro- 
liferation, and there were no perivascular cellular infiltrations. 

Sections through the regions of the transverse tears of the intima and media in 
both the ascending and abdominal aorta showed the characteristic changes of 
‘*medionecrosis aortae idiopathica cystica,’’ as described by Erdheim,}, 2 Moritz,? 
and others. The fissures were due to tearing of the intima and about half the thick- 
ness of the media. In these places the chromatrophic accumulations between the 
elastic laminae of the media were more abundant, and showed necrosis with forma- 
tion of cysts of various sizes. Many of the cysts were large enough to be visible 
with the unaided eye, and often measured as much as 5 or 6 mm. in length by 1 or 2 
mm. in width. The elastic laminae were ruptured near the edges of the cysts, leav- 
ing loose ends and spurs of elastic tissue projecting into the cavities. Short pieces 
of elastic tissue were seen free in some cysts. The unruptured elastic tissue bundles 
appeared broken up into tiny globular masses with loss of fibrillar structure. 


Fig. 5.—Photomicrograph of longitudinal section of the aorta at site of a transverse 
fissure, showing the “lipping’’ of the elevated media and intima by a beginning dis- 
section through the diseased tissue in the middle portion of the media. Various 
degrees of cystic degeneration and repair are seen. Van Gieson connective tissue 
stain. See text for more detailed description. Magnification, 18 diameters. 


The larger cysts, especially those underlying the intimal tears, usually showed more 
or less production of collagenous tissue, with irregularly arranged young fibroblasts. 
The arrangement of these cells and fibers was sometimes at right angles to the 
axis of splitting of the media by the cystic necrosis, and their appearance suggested 
healing by strengthening of the disrupted elastic laminae. There was no evidence 
of proliferation of elastic tissue. In these areas of collagenous proliferation there 
was often secondary necrosis. The cystic degeneration was most marked in the 
neighborhood of the middle third of the muscular coat. This was the level at which 
splitting always occurred, never between media and intima or between media and 
adventitia. 
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The transverse fold of tissue (Figs. 3 and 4) just above the aortic valve was seen 
microscopically to have been produced by dissection of the inner half of the media 
along a line of most advanced cystic medionecrosis. The fold itself consisted of the 
endothelium and subendothelium of the intima on its proximal, or cardiac, side, plus 
about one third of the thickness of the media, The rough area just above the fold 
showed only the thin remaining portion of the media, together with an irregular 
endothelial covering. The presence of endothelium here and on the distal surface of 
the fold showed that the dissection of the media resulting in this anomaly had oc- 
eurred long enough before death to permit repair of the surface. 

The cystic degeneration in the proximal portion of the ascending aorta was more 
extensive than anywhere else. Here many of the larger cysts were multilocular. At 
the angle between the ‘‘healed’’ focal dissection, just above the right coronary cusp, 
and the thin remaining portion of the aorta, there was abundant proliferation of 
fibroblasts. Much of the fibrous connective tissue here had undergone hyaline de- 
generation. 

The myocardium showed the changes typical of marked hypertrophy. There were 
no areas of severe scarring. The coronary vessels showed only general dilatation. The 
cystic medionecrosis of the aorta stopped abruptly at the orifices of these vessels. No 
severe changes of an arteriosclerotic nature were present. No perivascular cellular 
infiltrations were detected. 


Fig. 6.—Photomicrograph showing high-power detail of a portion of the area in Fig. 
Van Gieson connective tissue stain. Magnification, 117 diameters. 


A great many sections of aorta, heart, and other organs were studied by modifica- 
tions of the Warthin-Starry technique for spirochetes, with known, positive material 
as a control. No spirochetes or suggestive structures were seen in any section. 


DISCUSSION 


An attempt to correlate the sequence of clinical and pathologic 
events in this case is of great interest, although, of course, speculative. 
The onset of the dissection resulting in the transverse shelf just above 
the aortic ring was probably marked by the sudden attack in Febru- 
ary, 1934. At that time, examination disclosed the usual manifesta- 
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tions of severe aortic regurgitation, plus an intense, rough, systolic 
aortic thrill and murmur suggesting a bizarre valvular deformity or 
ruptured aortic cusp. Many examinations previously had revealed no 
such abnormalities. The dating of the dissection at some remote time 
is justified by the fact that the transverse fold was covered with endo- 
thelium. Arrest of the dissection at that time, with ‘‘healing,’’ pre- 
vented the rupture and death which occur within a relatively short 
time in more than 90 per cent of cases of dissecting aneurysm.’* 1 
The pain in the right lower chest was caused by infarction of the lung. 
The retrosternal and precordial pain in December, 1936, was probably 
the result of the tearing and elevation of the intima and part of the 
media in the other transverse tears in the ascending aorta. The ex- 
tremely severe pain in the lumbar region after Dec. 31, 1936, was no 
doubt caused by the tears and beginning dissections in the abdominal 
aorta. 

The prominent transverse projection into the lumen of the ascending 
aorta accounted for the peculiar physical findings, especially the sys- 
tolic thrill and murmur, suggesting a ruptured aortie cusp. In retro- 
spect, the pulse pressure curves in this case (Fig. 2) may be interpreted 
as suggesting a widely dilated aortic ring with, however, intact valve 
eusps, and, together with the aortic sound tracing, may be useful in 
differentiating pure aortic insufficiency or stenosis from a condition 
such as was present in this case. In view of the generalized weakening 
of the aortic media, it is quite likely that the insufficiency was due to 
relaxation of the musculature supporting the aortic ring, as suggested 
by Anders.'® Occurrence of the signs of aortic insufficiency in the 
presence of normal aortic valve cusps has been mentioned before, in 
reports dealing with dissecting aneurysms, by Resnick and Keefer,'* 
Borger,!® Busse,” Letulle,?? and Moreau.” 

Most patients with dissecting aneurysm who have survived the initial 
attack have also developed greatly enlarged hearts within a relatively 
short time, and have died sooner or later from myocardial failure, if 
not from rupture of the partially destroyed aortie wall. Although the 
occurrence of this myocardial hypertrophy and failure has been recog- 
nized since the thorough reviews long ago by Peacock?? and Moos- 
berger,”* no satisfactory explanation has yet been developed. In some 
cases, the dissection has established a large artificial lumen, or communi- 
cation with a vein, resulting in failure as in arteriovenous aneurysm.** 

As indicated in the descriptive name given to this disease by Erd- 
heim, the etiology is entirely unknown. The theories closely resemble 
those proposed for dissecting aneurysm and for spontaneous aortic 
rupture, for which conditions it is probably the cause. Most of the 
reported cases occurred in middle-aged men with hypertension, in whom 
arteriosclerotic changes were usually not any more advanced than was 
consistent with the patient’s age. On the other hand, quite a number 
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of cases have been in young individuals between the ages of 20 and 35 
years. Marked hypertension of considerable duration has been found 
in practically all reported cases of Erdheim’s disease in which the 
patient was studied prior to the development of symptoms. However, 
in the ease reported here, the blood pressure was always within the 
normal range on frequent examinations prior to the finding of the 
very large pulse pressure of fully developed aortic insufficiency on the 
day after the sudden onset of the cardiac illness. Shennan** found, 
in his analysis of all reported cases of dissecting aneurysm, that many 
of the patients were known to have had normal blood pressures. 

So-called ‘‘spontaneous’’ rupture of the ascending aorta has been 
reported!! 6 in three young women, 22, 23, and 30 years of age, 
respectively, all of whom were in the last months of pregnancy. In 
all three the typical cystic medionecrosis of the aortic wall, as described 
by Erdheim, was found to be the cause of the rupture. The 30-year-old 
patient of Gobel?* was known to have had ‘‘essential hypertension,’’ 
with a blood pressure of 145/95, eight years earlier, and died suddenly 
during an attack of eclampsia. The other two gave no history of dis- 
ease. Gobel collected eight previously reported cases of spontaneous 
rupture of the ascending aorta during the last months of pregnancy 
in young women 26 to 35 years of age; although histologic study was 
inadequate in these cases, it is probable that the cause was cystic 
medionecrosis. The significance of this occurrence during pregnancy 
is unknown, but the early age of the patients is most striking. 

It is hazardous to designate any lesion as ‘‘idiopathic’’ when there 
is a known history of syphilis, in view of the well-known protean 
manifestations of that disease. However, it does not seem probable 
that syphilis could be the cause of the disease described by Erdheim, 
for of all of the twenty-seven cases already reported, in only two was 
there any clinical or pathologic suspicion of syphilis. This patient 
began his antisyphilitic therapy within a month after the initial infec- 
tion, and followed the prescribed course of treatment for over three 
years; his serologic tests became negative early and remained so. It 
is believed that his antisyphilitic therapy was adequate and that syph- 
ilis probably played no etiologic role in his disease. 

Some authors, including Osler?‘ and Shennan,** suggest that pos- 
sibly syphilis may play some role in causing dissecting aneurysms. On 
the other hand, Loeschke*® and Gager*® believed that the proliferative 
reaction of syphilis has a binding effect on the layers of the media 
which tends to prevent the formation of dissecting aneurysms in syph- 
ilities. However, the consensus of recent writers seems to be that 
syphilis neither predisposes to, nor prevents, dissecting aneurysms. 
Shennan** especially stresses this in his excellent review of 300 ac- 
cepted cases taken from the literature, in only thirteen of which was 
there any clinical or pathologic evidence of syphilis. 
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More important is the possibility that Erdheim’s idiopathic medio- 
necrosis cystica is due to some unknown substance, such as endocrine 
or infectious products, or drugs. This case is the only one reported 
in which there was any prolonged treatment with drugs. 

Likewise, it is improbable that heavy physical exertion causes either 
the disease or the dissecting aneurysms with which it is so often asso- 
ciated. Although strain or trauma is frequently associated with the 
acute onset of symptoms, the underlying pathologic changes have un- 
doubtedly developed earlier. The early stages in the pathogenesis of 
cystic medionecrosis are unknown, for only cases in which the lesions 
were advanced and resulted in fatal rupture of the aorta have been 
recognized. 

It is very important to stress the pathogenic significance of medio- 
necrosis aortae idiopathica cystica in dissecting aneurysms. In all of 
the twenty-eight cases reported, this lesion resulted in death from 
ruptured dissecting aneurysm. The histologic descriptions and illus- 
trations in Shennan’s monograph** suggest that in at least seven of 
his seventeen cases of dissecting aneurysm there were present the 
typical changes of Erdheim’s cystic medionecrosis. The histologic de- 
scriptions of ‘‘dissecting arteriitis or mesaortitis,’’ made long ago by 
Babes and Mironescu** and by Whitman and Stein,** suggest that their 
two cases of dissecting aneurysm were also examples of the idiopathic 
cystic medionecrosis described by Erdheim; no doubt the literature con- 
tains other isolated cases which, if they had been studied more carefully 
histologically, could have been included in this group. Unfortunately, 
very few of the hundreds of reports on dissecting aneurysms have in- 
cluded adequate histologic descriptions. It is not impossible that dissee- 
tion of the media might be due occasionally to definite changes in the 
aorta associated with arteriosclerosis, syphilis, or points of ‘‘lowered re- 
sistanee.’’ Such points of ‘‘lowered resistance’? may exist at the in- 
sertion of the atrophied ductus arteriosus, as stressed by Peery.*! 2 In 
thirteen of his 300 collected cases, Shennan?* described changes in the 
aortic wall, due to congenital stenosis or occlusion of the isthmus, which 
had led to rupture and dissection in the media. However, it seems cer- 
tain that the most important underlying lesion in cases of dissecting 
aneurysm is this idiopathic cystic medionecrosis which has been so gen- 
erally overlooked. Recognition of this disease process should result in its 
more frequent diagnosis, especially in patients with dissecting aneurysm 
who come to autopsy. 

The association of cystic medionecrosis and dissecting aneurysm 
should be considered in the differential diagnosis when patients com- 
plain of sudden, severe, tearing, or stabbing pain in the chest, especially 
if there is also pain in the back, or pain radiating into the legs or arms. 
The differential diagnosis of dissecting aneurysm should not be too diffi- 
cult if the possibility is only borne in mind. It is usually not suspected. 
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The most common errors in diagnosis are to mistake it for coronary 
occlusion, angina pectoris, syphilitic aneurysm, pulmonary embolism, 
or rupture of an aortic cusp. The recent excellent papers of Shennan,** 
Osgood,'® Glendy,’® MceGeachy,'* et al., should stimulate clinical acuity 
in the diagnosis of dissecting aneurysm; Wood and his associates’ have 
given special consideration to its roentgenographiec features. 

In eases in which dissecting aneurysm of the ascending aorta has 
been thought of, the sudden development of a very intense systolic thrill 
and murmur over the aortic area, in addition to the aortic diastolic 
‘murmur and other signs of aortic regurgitation, should be enough to 
suggest the possibility that there is an abnormal transverse shelf of dis- 
sected media, such as occurred in this case. Rupture of an aortic valve 
cusp will be very difficult to differentiate; the clinical features of this 
condition were admirably reviewed by Howard,** and more recently by 
Kissane, Koons, and Fidler.** Likewise, the possibility that aortic 
stenosis may be combined with the insufficiency must be excluded on the 
basis of history, pulse pressure measurements and tracings, and roent- 
genologic features. 

Treatment should be directed mainly toward relief of the pain of the 
acute attack and prevention of any exertion that might tend to raise 
the blood pressure. Later, venesection and the administration of nitrites 
have been suggested. No benefit is to be expected from any known 
surgical operation. 

The prognosis in eases of dissecting aneurysm is very grave. For that 
reason its diagnosis is of great importance, especially because of the 
more cheering results promised by the modern treatment of coronary 
occlusion, with which it is most likely to be confused. In the ma- 
jority of reported cases the patients have died within a period of a 
few hours or days, although a few have survived for longer periods. 
Very rarely, indeed, the dissection may become arrested, with more or 
less complete healing, such as probably occurred in this case, with much 
longer duration of life. Ultimately, however, complete rupture of the 
vessel wall or myocardial failure will result in death. At present no 
method is known of recognizing the changes preceding dissecting aneu- 
rysm prior to the acute onset of symptoms. If such recognition were 
possible, no specific or arresting therapy is known. 


CONCLUSION 


1. This is the twenty-eighth case to be reported in which there were 
the typical changes of medionecrosis aortae idiopathica cystica, as de- 
scribed by Erdheim; in all of them, this disease was the pathogenic 
basis for ruptured dissecting aneurysm. 

2. The cystic medionecrosis had caused several, small, dissecting 
aneurysms of the aorta. One of these had ruptured, causing death. 
Another had evidently formed about three years before death; healing 


| 


ROBERTS: MEDIONECROSIS AORTAE IDIOPATHICA CYSTICA 199 


of this had produced a prominent transverse ridge in the ascending 
aorta, resembling a semilunar cusp, and giving rise to peculiar physical 
signs. 


3. The ante-mortem diagnosis of dissecting aneurysm, with the asso- 
ciated pathologic picture of Erdheim’s cystic medionecrosis, should be 
made more often than it is. The diagnosis of this condition warrants a 
grave prognosis. 


For permission to report this case and helpful suggestions, I am indebted to Prof. 
J. T. Wearn, Prof. H. T. Karsner, Dr. A. R. Moritz, Dr. J. M. Hayman, Jr., and Dr. 
H. N. Feil. The autopsy was performed by Dr. Joseph Kahn. 
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THE EFFECTS OF DIPHTHERIA TOXIN UPON THE HEART* 


Rost. W. Boy.e, Pu.D., C. H. McDona.p, D.Sc., anp 
A. F. DeGroat, M.D. 
LitTLE Rock, ARK. 


“Peeegunend failure during, or following, the acute stage of diphtheria 
is not uncommon. Surprisingly, death from this cause is frequently 
not entirely explained by the pathologie changes in the heart. This sub- 
ject has been studied repeatedly during the past thirty-odd years 
(Warthin,' 1924). The lesions generally described are (grossly) dilata- 
tion of the right-sided chambers, flabbiness, friability, greyness, opacity, 
and tigroid mottling of the myocardium, and (microscopically) inter- 
stitial edema, congestion, leucocytie infiltration, and alteration of the 
fibers, such as loss of cross striations, hyaline degeneration, granularity, 
vacuolization, and even necrosis. There appears to be no selective action 
on the conducting system. The frequent paucity, or even absence, of 
cardiac lesions, contrasted with the dramatic collapse in diphtheria, has 
led some authors to look elsewhere for the cause of death, or to hy- 
pothesize a functional alteration of the myocardium. With this last 
phase of diphtheria intoxication we are chiefly concerned. 

Disorders in conduction were early noted. Huguenin? (1890) first ob- 
served heart block. Alsleben* (1909), by graphic registration, dem- 
onstrated complete A-V dissociation, and this was confirmed electro- 
eardiographically in 1913 by Réhmer.* Little has been added to these 
facts. In a recent summary of their observations on electrocardio- 
graphic changes in such hearts, Burkhardt and his associates’ (1938) de- 
scribe: (a) alterations of the T wave which may vary from a slight de- 
pression of the S-T line to inversion, a diphasiec form, or complete 
extinction of the T wave; and (b) various degrees of conduction changes, 
varying from prolongation of QRS to complete A-V dissociation. They 
observed no deaths in cases in which alterations of the T wave were the 
sole electrocardiographie disturbance but did note that conduction 
changes were of grave prognostic significance. McCulloch (1920) 
stated that in cases in which there were profound disturbances in con- 
duction the outcome was usually fatal. He expressed the opinion that 
‘*recovery in these cases depends upon the ability of the heart to preserve 
a cardiac reserve sufficient for the need of the patient’’ and that ‘‘cardiae 
failure results when this reserve is used up.’’ Cardiac reserve is a dif- 
ficult thing to put into terms more specific than ‘‘the capacity of the 
heart to do work.’’ MeCallum® (1914), in an experimental study upon 
dogs, found that the actual amount of work done by the diphtheria- 
poisoned heart was as great as that done by the normal heart, and he 
concluded that death occurring during the height of an attack of diph- 
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theria is not necessarily exclusively the result of a direct injury to the 
heart. If we define cardiac reserve in terms of physiologic extensibility 
of the heart’s fibers, it is conceivable that the heart, as described by Me- 
Callum, may be performing its work, yet be extremely close to the 
physiologic limits of dilatation. 

The extent and the mechanism by which glycogen contributes to the 
cardiac reserve are not inarguable matters. Neither is the behavior of 
eardiae glycogen during the course of an acute diphtheritie infection a 
matter upon which everyone agrees. Experimentally, the results of 
studying the action of the toxin upon the heart have varied widely with 
different workers. Using a carmine staining method, Grunke and 
Kampf‘ (1933) studied the hearts of guinea pigs which had been injected 
with diphtheria toxin. They reported that in guinea pigs which had 
been given sufficient diphtheria toxin to produce death in 14 to 17.5 
hours no essential alteration of the glycogen content of the heart oc- 
eurred, while in animals which had received doses of toxin sufficient 
to produce death in 168 to 273 hours the ventricles and the septum were 
found to be free of glycogen, and the glycogen content of the atria was 
notably reduced, as compared to the normal atria. It is worthy of note 
that the animals given the slowly lethal dose frequently died in con- 
vulsions. In contrast to the action of the toxin upon the glycogen stores 
of the heart, they pointed out that the hearts of guinea pigs starved for 
a period of 100 hours were rich in glycogen. 

Using a colorimetric method, v. Kiss and Kulesar* (1934) obtained 
results considerably different from those just described. Guinea pigs 
which had been given enough toxin to produce death in 20 to 22 hours 
showed an average increase in the glycogen content of the whole heart 
of 36 per cent over that of the controls. Skeletal muscle glycogen and 
blood sugar showed parallel rises; liver glycogen did not share in this 
rise. 

Grunke and his co-workers’ (1938), using a chemical method, reinvesti- 
gated the glycogen content of the hearts of guinea pigs and white rats. 
They interpreted their results as showing an increased glycogen content 
of the hearts as a result of small and repeated doses of diphtheria toxin. 
The greatest rise obtained, however, was to an average of 441 + 61 mg. 
per cent from a normal level of 370 + 43 mg. per cent, whereas in guinea 
pigs which had been starved for 24 hours and 72 hours the averages rose 
to 475 + 14 mg. per cent and 554 + 26 mg. per cent, respectively. 

We have deemed it worth while to study by a chemical method the 
glycogen distribution in the hearts of dogs injected with diphtheria toxin, 
and to attempt to correlate this with the electrocardiographie and 


pathologie findings in these hearts. 


METHODS 


Dogs free of disease were placed upon a basic diet which was complete in so far 
as the known food requirements are concerned and kept a sufficiently long time to 
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establish a normal heart rate, as shown electrocardiographically. They were then 
injected subcutaneously with diphtheria toxin* in doses varying from 1.8 M. L. D. 
to 8.1 M. L. D. per kilogram of body weight. (M. L. D. refers to the minimum 
lethal dose for a guinea pig.) Electrocardiographie records were made daily. At 
such time as either recovery or death appeared imminent, the animal was selected for 
a study of his cardiac glycogen. Analyses of the various parts of the heart for 
glycogen were conducted exactly as outlined in our preceding papers (Boyle and Me- 
Donald,19 1938; McDonald, Boyle, and DeGroat,11 1938). The method is a modifica- 
tion of Pfliiger’s method. 
RESULTS 


Tables I, II, and III summarize the results obtained: 


TABLE I 


GLYCOGEN DISTRIBUTION IN THE HEARTS OF NORMAL Docs (MG. PER GM. OF TISSUE, 
CALCULATED AS GLUCOSE) 


ATRIA VENTRICLES 


RIGHT LEFT RIGHT LEFT 
N-1 4.4 5.5 6.9 4.2 6.6 
N-2 6.6 9.3 10.4 6.7 Fe! 
N-3 5.6 6.8 yf 6.5 5.9 
N-4 6.1 7.4 6.9 5.7 4.8 
N-5 5.9 7.4 6.9 7.0 Ti 
N-6 5.2 5.5 5.8 4.3 4.7 
Avg. 5.7 6.9 7.4 5.8 6.0 


*Furnished through the courtesy of Eli Lilly and Company. 


TABLE II 


GLYCOGEN DISTRIBUTION, ELECTROCARDIOGRAPHIC BEHAVIOR, AND PATHOLOGIC FIND- 
INGS IN THE Hearts or Dogs GIVEN A QUICKLY LETHAL DosaAGE or DIPHTHERIA 
TOXIN. (GLYCOGEN CALCULATED AS IN TABLE I) 


GLYCOGEN DISTRIBUT. 


No, HOURS ELECTROCARDIO- gare. PATHOLOGIC 
DURAT. GRAPHIC BEHAVIOR pp. FINDINGS 
1-D 20 A-V Rhythm 6.8 7.7 7.8 69 5.38 Parenchym. Degen. 
3-D 21 Depressed S-T 81 93 82 arenchym, Degen. 
6-A 23 Depressed S-T 40 69 44 4.1 4.3 Parenchym, Degen. 
Average Glycogen 5.6 7.6 7.2 64 5.6 


TABLE IIT 


GLYCOGEN DISTRIBUTION, ELECTROCARDIOGRAPHIC BEHAVIOR, AND PATHOLOGIC FIND- 
INGS IN THE HEARTS OF Dogs GIVEN A SLOWLY LETHAL DosAGE OF DIPHTHERIA 
TOXIN. (GLYCOGEN CALCULATED AS IN TABLE I) 


GLYCOGEN DISTRIBUT. 


HOURS ELECTROCARDIO- PATHOLOGIC 
NO. ATRIA VENTRIC, SEPT. 
SURAT. GRAPHIC BEHAV “INDINGS 
DURAT. GRAPHIC BEHAVIOR»... in opp. Lt. FI 
2-D 88 Partial A-V block, 6.7 10.8 9.4 6.7 6.2 Parenchym. Degen. 
4:1 
5-D 89 Dep. and Notch. 5.3 7.3 89 88 9.7 Parenchym. Degen. 
8-T 
6-D 89 Long P-R; Dep. 6.2 9.2 83 69 68 Parenchym. Degen. 
8-T 


Average Glycogen 6.1 88 87 74 7.6 


DISCUSSION 


The electrocardiographiec changes noted in this series are chiefly of 
the nature of block. The degree of block varied from a simple lengthen- 
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ing of the P-R interval to assumption of the pacemaker’s role by the 
ventricular bundle. Partial A-V block in a ratio of 4:1 appeared once. 
The depressing, sloping, and notching of the S-T segment would suggest 
at least functional damage to the myocardium. The T wave was fre- 
quently diphasic, notched, or opposite in phase to the T wave which was 
normal for the particular dog. In one ease the direction of the T wave 
was frequently positive, frequently negative. 

The term ‘‘parenchymatous degeneration’’ is employed in the above 
tables to designate such changes as granularity of the fibers, loss of cross 
striations, streaks of hyaline, and swelling or shrinking of the nuclei. 
These changes were not general for the whole heart nor general in its 
several parts. The magnitude of the changes was small. If seen in a 
routine autopsy, they would attract little attention. Worthy of note 
were the streaks of hyaline in scattered muscle fibers, which offered the 
nearest approach to a characteristic pathologie alteration. Each of the 
following abnormalities was seen once: subendocardial edema, sparse 
monocytic infiltration, and endothelial (endocardial) proliferation. 
The survival time of the animals, up to 89 hours, did not appreciably 
alter the findings. 

Analysis of these hearts for glycogen disclosed no striking alterations 
in either distribution or total content. Examination of all parts of the 
hearts of dogs which had been given a quickly lethal dose of the toxin 
showed a quite normal distribution. In those animals which were given 
a slowly lethal dose, averages show a 10 to 20 per cent rise in the atria 
and the left ventricle, no change in the septum, and a 7 per cent loss in 
the right ventricle. Considered on the basis of the whole heart for all 
the dogs given such a dose, a 10 per cent rise occurred. When we note 
the marked increase in cardiac glycogen during starvation, as described 
by Grunke and his co-workers, and consider that our dogs starved for 
three days because they refused to eat, we regard this rise as insignificant 
and probably due to this starvation, rather than to any specific effect of 
the diphtheria toxin upon cardiac glycogen. 

Mindful of the fact that many cardiac failures associated with diph- 
theria occur several days after the height of the infection, we injected 
sixteen animals with a smaller dose than that administered to dogs when 
we were seeking a delayed death. After these dogs appeared to be re- 
covering from the initial dose, we administered a second, and sometimes 
a third, dose, smaller in amount than the initial dose. Death resulted 
in fifteen of these sixteen cases. The one survivor, which had been 
given 14 M. L. D. onthe first day, another 4% M. L. D. on the fourth 
day, and 1% M. L. D. on the eighth day, was studied on the eleventh day. 
His eardiae glycogen was well within the limits of normal, and his heart 
displayed no changes different from those previously described for this 
series. 

It is interesting to compare the behavior of cardiac glycogen in these 
eases of severe diphtheritic toxemia with that in severe hyperthyroidism, 
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which sometimes terminates in equally dramatic heart failure. In the 
former there is a moderate increase, while in the latter there is a definite 
decrease. There is little evidence, we believe, that the cardiac failure in 
either event is primarily contingent upon a disturbance of glycogen 
metabolism. 

SUMMARY 


1. The hearts of seven dogs which had been given varying doses of 
diphtheria toxin were studied with respect to electrocardiographie be- 
havior, glycogen distribution, and pathologie changes. 

2. The electrocardiographie changes noted consisted of various degrees 
of block and abnormalities of the T wave. 

3. Parenchymatous degeneration of a mild degree was invariably pres- 
ent. The most characteristic change was the presence of hyaline streaks 
seattered through the muscle fibers. 

4. Glycogen, taking the heart as a whole, showed a 10 per cent rise in 
the hearts of dogs given a slowly lethal injection of diphtheria toxin. A 
rise was noted in the two atria and the two ventricles, and no change 
in the septum. A quickly lethal dose failed to produce any effects 
upon ecardiae glycogen. 

5. In view of the inereases in eardiae glycogen which oceur during 
starvation, and of the self-imposed starvation (anorexia) always present 
in severe diphtheritic toxemia, it is suggested that the moderate rise en- 
countered in such eases is the result of starvation, rather than of any 
specific effect of the diphtheria toxin upon cardiac glycogen. 


The authors desire to thank Mr. J. R. Carter for much technical assistance. 
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THE EFFECT OF CARBON DIOXIDE INHALATION ON THE 
PERIPHERAL BLOOD FLOW IN THE NORMAL AND IN 
THE SYMPATHECTOMIZED PATIENT 


IrviING E. Steck, M.D., AaNp Ernst GELLHORN, M.D., Pu.D. 
CuicaGo, ILL. 


HE blood flow in the human hand under the influence of various 

oxygen and carbon dioxide concentrations has been investigated by 
Gellhorn and Steck,’ who found that carbon dioxide regularly induced a 
diminution of the blood flow during the period of inhalation of this gas, 
and that on readmission of air the blood flow returned to the original 
level. In contradistinetion to the uniformity of these results, it may be 
said that the influence of various oxygen concentrations on the blood 
flow is more variable. In general, they found that with increasing sever- 
ity of the oxygen want the blood flow through the hand decreased, and 
this was followed on readmission of air by a marked compensatory phase 
in which the blood flow was greatly increased. In more moderate degrees 
of oxygen deficiency, induced by inhalation of oxygen-nitrogen gas mix- 
tures containing about 10 per cent oxygen, the opposite picture pre- 
dominated. Greatly increased blood flow during the period of anoxia 
was followed by a gradual return to normal on readmission of air. 

The results may be explained as follows. Three factors appear essen- 
tial in determining the blood flow through the hand under the experi- 
mental conditions mentioned above: 

1. The first is the influence of carbon dioxide excess and oxygen defi- 
ciency on the vasomotor center. According to the investigations of Lam- 
bert and Gellhorn,? the inhalation of carbon dioxide increases the vaso- 
motor tonus by direct stimulation of the vasomotor center and by reflex 
stimulation of this center through the chemoreceptors in the carotid and 
aortic bodies. Oxygen deficiency also increases the vasomotor tonus, but 
this is due solely to reflex stimulation of the carotid and aortic bodies, for 
after their removal the blood pressure decreases on inhalation of oxygen- 
deficient gas mixtures, whereas an increase occurs regularly as long as 
the peripheral chemoreceptors are intact. 

2. The peripheral effect of oxygen deficiency and of carbon dioxide 
excess on the blood vessels consists in dilatation of the blood vessels 
(Fleisch, Sibul, and. Ponomarev,’ 1932), (Hermann, Morin, and Vial,* 
1936, and others), and is therefore opposed to the central effects of these 
gases as described under 1. 
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3. The metabolism of the tissues is to be considered. When the oxygen 
supply to the tissues is temporarily diminished, either because the blood 
supply is diminished or interrupted, or because the amount of oxygen 
carried by the blood and delivered to the tissues per unit of time is 
lessened, metabolites* are formed which bring about a dilatation of the 
blood vessels. This leads to an increased oxygen supply to the tissues 
and to the disappearance of these metabolites. The formation of me- 
tabolites seems to be responsible for the appearance of the compensatory 
phase after readmission of air. Although under the influence of carbon 
dioxide the blood vessels are constricted and the amount of blood flowing 
through the tissues is greatly reduced, the typical effects of oxygen de- 
ficiency in the tissues are absent. No compensatory phase occurs. This 
is due to the fact that carbon dioxide not only reduces the blood flow 
through the tissues but also reduces their metabolism ( Rein’). 
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Fig. 1.—Simultaneous recording of blood pressure and blood flow in man, and the effect 
of the inhalation of 5.4 per cent carbon dioxide. 


The absence of this compensatory phase under the conditions of carbon 
dioxide inhalation makes the circulatory conditions much simpler than 
in the case of induced oxygen deficiency. After inhalation of suitable 
concentrations of carbon dioxide (4 to 5.4 per cent), there is only a 
rivalry between the central nervous impulses originating in the vaso- 
motor center and the peripheral effects of carbon dioxide. Under such 
conditions it was found regularly that the central effect predominates. 


Therefore the peripheral blood flow is reduced. This interpretation is 


*This term is used advisedly, since the nature of these products is not known at 
the present time. We know that in the state of acclimatization to high altitude the 
concentration of lactic acid in the blood is not increased (Edwards, H. T.: Amer. J. 
Physiol. 116: 367, 1936). Moreover, recent experiments of Ingraham and Gellhorn 
(Proc, Amer. Physiol. Soc., Toronto, 1939) have shown that during acute anoxia the 
tissues (brain, muscle, and blood) become more alkaline, not more -acid, and that, 
at the same time, respiratory activity is greatly increased. 
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made certain by recording blood pressure and blood flow simultaneously* 
(Fig. 1). The reduction of blood flow coincides accurately with the 
period of elevated blood pressure. 

This analysis makes it clear that the investigation of the effect of 
earbon dioxide on the peripheral blood flow is carried out under simpler 
conditions than the corresponding anoxia experiment. Carbon dioxide 
appears, therefore, more suitable for the development of a physiologic 
test which would allow one to decide whether or not sympathetic impulses 


are present. 
METHOD AND MATERIAL 


The changes in blood volume were recorded by Freeman’s¢ plethysmographic 
method. The temperature of the hand was controlled by means of water circulating 
between an outer and inner cylinder; the water space was one-half inch in diameter. 
This cylinder was connected to a control tank equipped with an electrothermostat 
which kept the water bath at a constant temperature. The water was kept circulat- 
ing by means of a motor. Two inlets were attached near the front end of the 
cylinder; the outlet was a single hose at the back part of the cylinder. 

The outer cylinder was provided with a flanged surface at the front, over which 
a rubber cuff was stretched and made secure with a ring screw clamp. The rubber 
euffs used were of various sizes, depending upon the size of the hand and wrist 
of the subject. A perfect contact with the wrist as close to the hand as possible 
was thus obtained. The subject rested for twenty minutes before the hand was 
placed in the plethysmograph, and from five to ten minutes after the cuff had been 
applied. The hand volume was recorded by means of a tambour made of fish skin, 
which was connected to the inner chamber of the plethysmograph. A pressure of 
55 to 60 mm. Hg was applied to the arm to occlude the venous return from the hand. 
The change of volume of the hand was recorded on a kymograph. 

After the influence of various oxygen and carbon dioxide concentrations on the 
peripheral blood flow in normal individuals was determined (Gellhorn and Steck:), 
additional experiments were carried out on six patients who had undergone bilateral 
sympathectomy of the hand. The following patients were put at our disposal 
through the kindness of Dr. G. de Takats. 


CASE 1.—M. G., 44 years of age, a white woman, was admitted to the Illinois 
Research and Educational Hospital Nov. 16, 1937, with the complaint that her 
fingers and toes became numb when exposed to cold, and that the distal phalanges 
became white, then dark blue, when she returned to a warm room. The onset was as 
follows. About five years previous to admission, the patient first noticed that the 
tips of her fingers beeame white and numb when exposed to moderately cold weather 
or cold water. When she warmed the fingers, they turned ‘‘black’’ and felt swollen. 
This condition became progressively worse. The diagnosis was Raynaud’s disease. 
On Nov. 16, 1937, a ‘‘typical’’t cervical sympathectomy was performed. On March 
1, 1938, peripheral blood flow determinations were begun and continued for several 
months. 


*We are greatly indebted to Dr. C. W. Darrow for recording the blood pressure with 
his apparatus. Cf. Darrow: Continuous Records of Systolic and Diastolic Blood 
Pressure, Arch. Neurol, and Psychiat. 38: 365, 1937. 

tIn the ‘‘typical’’ cervical sympathectomy the stellate ganglion is removed, and the 
sympathetic chain is cut below the second dorsal ganglion. 


tThis was done in all cases. 
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CASE 2.—E. F., 38 years of age, a white woman, was admitted to the Illinois 
Research and Educational Hospital Dec. 27, 1937, with the complaints of pain and 
numbness of the hands and fingers of two years’ duration; pain in the joints and 
back of one year’s duration; and coldness of the hands of two months’ duration. The 
Two years prior to admission this patient awoke in the morn- 


onset was as follows. 
These attacks recurred at regular intervals 


ing with numbness in both hands, 
throughout the winter, were less frequent through the summer months, then finally 
subsided, but recurred at a later period. The attacks became more severe when the 
hands were exposed to cold and were accompanied by cramplike pains in the fingers. 
The symptoms, however, became more frequent and 


The pain was relieved by heat. 
An attack of numbness and cramplike pains 


more severe at the time of admission. 
The diagnosis was Raynaud’s disease. On Dee. 12, 1937, 


occurred every night. 
On 


an ‘‘extended’’* cervicodorsal sympathectomy was performed on the right side. 
May 3, 1938, peripheral blood flow determinations were begun. 


Research and Educational Hospital Jan. 31, 1938, with the complaints of bilateral 
paresthesia and anesthesia of the arms and hands and attacks of pain with white- 
ness of the extremities. The color later changed to blue and finally became a 
‘“beefy’’ red, which lasted from two to four hours. These attacks were brought on 
by emotional upsets, and the symptoms were aggravated by cold weather. The 
Four years prior to admission the patient first noticed numb- 


CASE 3.—M. M., 44 years of age, a white woman, was admitted to the Illinois 


onset was as follows. 
ness, whiteness, and ‘‘beefy’’ redness of the fingers. The attacks increased in 
severity and frequency. The diagnosis was Raynaud’s disease and neurocircula- 
On Feb. 1, 1938, a ‘‘typical,’’ cervical, incomplete sympathectomy 
On Feb. 8, 1938, an ‘‘extended’’ cervical sym- 
On March 18, 1938, peripheral blood 


tory asthenia. 
was performed on the right side. 
pathectomy was performed on the left side. 
flow determinations were begun. 


CAsE 4.—M. §., 33 years of age, a white woman, was admitted to the Illinois 
Research and Educational Hospital, March 14, 1938, with complaints of coldness, 
pain, tingling, and weakness of the extremities. This condition was aggravated by 
exposure to cold or by fatigue. The onset was as follows. The patient was well 
until ten years prior to admission, when she first noticed a gradual onset of pain, 
which was sharp and sometimes tingling in character, in the upper extremities, par- 
The pain often started in the right shoulder and radiated 


Exposure to cold or exertion precipitated it. The 


to the ulnar side of the arm. 
diagnosis was Raynaud’s disease. On March 22, 1938, an ‘‘extended’’ cervical 
23, 1938, by an ‘‘ex- 


sympathectomy was done on the left side, followed on Aug. 23, 
tended’’ cervicodorsal sympathectomy. On May 27, 1938, peripheral blood flow 


ticularly on the left side. 


determinations were begun. 


CASE 5.—D. S., 34 years of age, a colored woman, was admitted to the Illinois 
Research and Educational Hospital, Feb. 19, 1938, with complaints concerning swell- 
ing and coldness of both hands. The onset was.as follows. One year prior to ad- 
mission this patient noticed that her hands were swollen in the morning, and that 
whenever her hands were exposed to the cold the circulation seemed to stop. The 
diagnosis was Raynaud’s disease. On Feb. 19, 1938, an ‘‘extended’’ cervical sympa- 
thectomy was performed on the right side, followed on March 1, 1938, by an ‘‘ex- 
tended’’ cervical sympathectomy on the left side. On March 21, 1938, peripheral 


blood flow determinations were begun. 
*Dr. de Takats uses the term “extended’ cervicodorsal sympathectomy when he 


removes the third dorsal ganglion in addition to the stellate and second thoracic 
ganglia. The vertebral artery is also stripped. 
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RESULTS 


The results were uniform and may be illustrated by a typical record 
(Fig. 2). The vasoconstriction in the hand which had been regularly 
observed in normal individuals was completely absent. During the in- 
halation of relatively low concentrations of carbon dioxide (5.4 per cent), 
there was either no change in blood flow or an increase; whereas, with 
6.4 per cent carbon dioxide, the blood flow was regularly increased. On 
readmission of air the blood flow returned to the normal level. The re- 
sults indicate clearly that the sympathetic (vasoconstrictor) impulses 
were absent. When a change in blood flow occurs, it probably is due 
partially to the effect of increased blood pressure and partially to the 
peripheral (dilating) action of carbon dioxide. 


LEFT ilateral Sympathectonr 
HAND 6.4%c0, 2 Sympathectomy 
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Fig. 2.—The influence of 5.4 per cent and 6.4 per cent carbon dioxide on the blood flow 
in the sympathectomized hand. 

Four of our five patients gave such responses, thus leading to the con- 
clusion that the sympathetic innervation to the hand had been completely 
removed. 

In one case we found, in two out of five experiments with 5.4 per cent 
earbon dioxide, a distinct reduction in blood flow, which, however, did 
not persist throughout the whole period of carbon dioxide inhalation. 
In the other three tests the blood flow remained unchanged. We con- 
clude from these experiments that the sympathectomy in this patient 
was incomplete. 

There was, however, a disagreement between the results obtained with 
our method and those obtained by clinical observation in regard to one 
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patient (M. M.). Clinically, she showed some residual sweating in the 
right hand, but the plethysmograph test showed absence of vasoconstric- 
tion during the inhalation of 5.4 per cent carbon dioxide. This seems to 
indicate that carbon dioxide may have been unable to bring about a 
vasoconstriction in the hand, even if some sympathetic fibers were still 
functioning, as shown by the sweating of the hand.* Only further ex- 
perimentation on a larger number of patients can solve this problem. 

The use of oxygen-deficient gas mixtures for similar purposes seems 
to us, on the basis of numerous experiments, unjustified. As mentioned 
before,t greatly increased blood flow occurs frequently in normal in- 
dividuals during oxygen deficiency. Moreover, the experimental sub- 
ject who responds to a given oxygen-nitrogen gas mixture with a de- 
creased flow, followed (on readmission of air) by a compensatory in- 
creased flow, may on another occasion show the opposite type of re- 
sponse. The observation of Freeman, in two cases, that the normal hand 
showed vasoconstriction and the sympathectomized hand showed vaso- 
dilatation under the conditions of oxygen deficiency cannot be consid- 
ered proof of the absence of sympathetic impulses in the second record, 
since, according to our experiences, a reversal in vasomotor response to 
oxygen deficiency may occur even in the normal. 


SUMMARY AND CONCLUSIONS 


Investigations on the influence of the inhalation of oxygen-deficient 
gas mixtures and of carbon dioxide in air on the peripheral blood flow 
in the hand of sympathectomized patients are reported. 

It was shown that, whereas carbon dioxide regularly reduces the blood 
flow in normal persons, this reaction does not occur after sympathectomy. 
It was then found that with relatively low concentrations of carbon 
dioxide the blood fiow remains unchanged, and that higher concentra- 
tions bring about an increased blood flow. This is probably due to the 
increased blood pressure and dilating action of carbon dioxide on the 
peripheral blood vessels, which is unopposed by the normally present 
and increased sympathetic impulses originating in the vasomotor center. 

Tests carried out with oxygen-deficient gas mixtures are incapable of 
determining the presence or absence of sympathetic impulses. 
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THE VALUE OF SPECIAL RADIOLOGIC PROCEDURES IN 
DETECTING CARDIAC ENLARGEMENT IN CHILDREN WITH 
RHEUMATIC HEART DISEASE* 


ANN G. Kutrner, M.D., AND GERTRUDE REYERSBACH, M.D. 
IRVINGTON House 
IRVINGTON-ON-Hupson, N. Y. 


HE importance of detecting cardiac enlargement in children with 

rheumatic heart disease is generally recognized. Without enlarge- 
ment, the significance of murmurs, especially apical systolic murmurs, 
often remains doubtful. Marked cardiac enlargement presents no dif- 
ficulties ; it is usually obvious by physical as well as by radiologic exami- 
nation. It is the detection of slight or moderate cardiac enlargement 
that is particularly difficult. 

In recent years special radiologic procedures have been developed to 
detect enlargement of the individual chambers of the heart, and new 
ways of measuring the size of the heart in the anteroposterior position 
have been devised. 

1. Method for Detecting Enlargement of the Left Ventricle. 

Wilson’ has been able to detect slight enlargement of the left ventricle 
by determining the degree of rotation necessary to separate the left 
lower cardiae border from the vertebral column in the left anterior ob- 
lique position. In 97 per cent of 119 normal children, ranging in age 
from 5 to 15 years, the ‘‘angle of clearance’’ was less than 55 degrees. 
This author, therefore, concluded that angles of 55 degrees or more were 
abnormal, indicating left ventricular enlargement. Wilson compared the 
findings in the normal group with those obtained in children with sus- 
pected or definite heart disease. In sixty-four cases of potential heart 
disease, 76 per cent of the patients showed an angle of clearance of 55 
degrees or more. This was interpreted by the author as an indication of 
eardiae involvement. In 84 per cent of 148 cases of mitral insufficiency 
the angle of clearance was 55 degrees, or more. 


2. The Detection of Enlargement of the Left Auricle. 

It is generally accepted that slight enlargement of the left auricle can 
best be detected by observing the course of the barium-filled esophagus 
in the right anterior oblique position. In order to evaluate the results 
obtained by this method, it is important to bear in mind the normal varia- 
tions in the contour of the esophagus. The relation of the esophagus to 
the heart and great vessels has been carefully studied by Evans.? This 
author found that in normal individuals the left auricle produces a slight 

*This work was aided by a grant from the Commonwealth Fund. 

Received for publication Feb. 27, 1939. 

213 


214 THE AMERICAN HEART JOURNAL 


curve, or impression, which varies with body build. The normal auricular 
curve is usually more marked in pyknie than in asthenie individuals and 
tends to be more evident in children than in adults. The interpretation 
of a slight increase in the auricular curve in the right anterior oblique 
position is therefore particularly difficult in children. 

If the enlargement of the left auricle is sufficiently marked, the dis- 
placement of the barium-filled esophagus to the right is visible in the 
anteroposterior position. Very pronounced enlargement of the left 
auricle can also be seen in the left anterior oblique position. The en- 
larged auricle extends to the left bronchus, giving it a ‘‘pushed-up’’ ap- 
pearance, and widening the tracheal angle. 


3. Measuremenis. 

Various ways of measuring the size of the heart in the frontal plane 
and correlating the findings with other bodily measurements have been 
described. The cardiothoracic ratio’ was formerly widely used but is 
now considered unreliable by most observers. At the present time, the 
correlation of orthodiagraphic measurements of the frontal area of the 
heart with height and weight is considered a more satisfactory method. 
Orthodiagraphy, however, is a difficult procedure in children. Tracings 
of teleoroentgenograms, though less accurate, have therefore been used 
by some workers. The formula for predicting the normal frontal area, 
devised by Hodges, Adams, and Gordon,‘ is based on 169 teleoroentgeno- 
grams of children of various ages. This formula has been reduced to 
tables for clinical use, and Kurtz’ has prepared a nomograph from these 


figures. 
PLAN OF STUDY 


The interpretation of apical systolic murmurs in children with rheumatic his- 
tories has long been a controversial subject. According to the criteria of the New 
York Heart Association,‘ the diagnosis of mitral insufficiency should be made only 
if, in addition to a constant apical systolic murmur, enlargement of the heart is 
also present. It was thought of interest to see how often enlargement of the left 
ventricle could be demonstrated in this type of case by the method described by 
Wilson.t At the same time, the absence or presence of enlargement as ascertained 
by physical examination and measurement of the frontal area in teleoroentgeno- 
grams was noted. 

A group of fifty-five rheumatic children with apical systolic murmurs who were 
receiving convalescent care in this institution was selected. The children ranged 
in age from 8 to 15 years and were under close observation for long periods of 
time, varying from six months to more than two years. The temperature and 
pulse rate were taken three times daily, and leucocyte counts and sedimentation 
rates were done at frequent intervals. Teleoroentgenograms were made at least 
every six months, and electrocardiograms every three months. Since it is logical 
to assume that a valvular lesion has to exist for a considerable length of time 
before it will affect the size of the heart, it was necessary in each case to estimate 
how long the lesion had existed, and whether during the period of observation 
the rheumatic process had been quiescent. It is well known that even low-grade 
rheumatic activity sometimes produces slight degrees of cardiac dilatation which 
may later subside. Furthermore, the murmurs heard may be related to the tem- 
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porary dilatation and have no permanent significance. Children with clinical or 
laboratory signs of rheumatic activity were, therefore, excluded from this study. 

It was also thought of interest to see whether any indication of enlargement 
of the left auricle could be found in these fifty-five children whose only ausculta- 
tory abnormality was an apical systolic murmur. The findings in this group of 
children were compared with those in eight children with characteristic, rumbling, 
apical diastolic murmurs, in addition to apical systolic murmurs, and with those 
in thirteen children with apical systolic murmurs and soft, short, apical diastolic 
murmurs of doubtful significance. 

Control Group.—In order to familiarize ourselves with the normal variations, 
101 healthy girls,* ranging in age from 7 to 15 years, were examined. The height 
and weight of each child were determined, and the type of body build was noted. 
Attempts to obtain histories were unsatisfactory because these children were sepa- 
rated from their parents and lived in an institution. The heart of each child 
was examined by two observers, and none showed clinical evidence of enlargement 
or abnormal auscultatory signs. The blood pressure of each child was measured 
and found to be within normal limits. 

The methods used will be outlined as briefly as possible. 


METHODS 


Fluoroscopy 

Every child was examined in the frontal, as well as in the left and right oblique, 
planes. 

Anteroposterior Position.—In this position the lie of the heart, whether normal, 
vertical or transverse, was noted, and the cardiac silhouette was studied for any 
abnormalities of contour. 

Left Anterior Oblique Position—In this position the ‘‘angle of clearance,’’! 
or degree of rotation necessary to separate the lower dorsal border of the heart 
from the vertebral column, was determined.t In making this determination the 
posture of the child was found to be extremely important. If the child swayed 
or rotated, the result was unreliable. Every determination was repeated several 
times with the central ray of the x-ray cone in the center of the fluoroscopic screen. 

Right Anterior Oblique Position—A rotation of 55 to 70 degrees was usually 
satisfactory for examining patients in this position. It was often found desirable 
to rotate the patient slightly during the course of the examination, since the optimal 
degree of rotation varied with each patient. In order to visualize the dorsal border 
of the heart clearly in this position, it was necessary to outline the esophagus 
with barium. A small amount of a fairly thick barium paste was put into the 
child’s mouth and he was asked not to swallow until he was under observation. 

Since in normal children the left auricle produces a slight curve which varies 
with body build, the significance of a slight displacement of the esophagus often 
remains doubtful. We regarded the left auricle as enlarged when there was a 
distinct hesitation in the descent of the barium as it reached the top of the auricular 
curve, with diversion of the stream to the left at this point. Furthermore, in the 
absence of aortic disease, the auricular curve was more prominent than the upper 
curve produced by the fused impression of the aorta and left bronchus. The left 
auricle was considered enlarged if the prominence of the second curve did not 
disappear completely with deep inspiration. It was found important not to overfill 
the esophagus with barium. Slight degrees of left auricular enlargement rarely 

*The permission to examine these children was obtained through the cooperation 
of Dr. Luke Fleming and of the Sisters of Mercy, Tarrytown, New York. Teleoroent- 


genograms were not taken on children in the control group. 


+#Through the courtesy of Dr. May G. Wilson, a turntable similar to the one used 
by her was constructed for us at the New York Hospital. This turntable has been 
used routinely for examining patients in the left and right oblique positions. 
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caused compression of the esophagus. The curves seen with a greatly distended 
esophagus were in most instances found to be artifacts. The best results were 
obtained when the esophagus was outlined as a column about the thickness of a 


lead pencil. 


Teleoroentgenograms 


Routine teleoroentgenograms in the frontal and oblique planes were taken of 
all rheumatic children on admission, and approximately every 6 months thereafter.* 
Additional teleoroentgenograms were obtained if the child developed rheumatic 
activity. 

Anteroposterior Position.—Since tracings of teleoroentgenograms were used for 
the measurement of frontal areas, it was important to visualize the apical region 
as well as possible. All exposures were therefore taken in the same respiratory 
phase, namely, moderately deep inspiration. Orthodiagraphy was not attempted 
because of the difficulty of making children sit still for a sufficient length of 


time. 

Left Anterior Oblique Position.—It was thought of interest to see if the value 
for the angle of clearance, as determined by fluoroscopy, would agree with that 
obtained teleoroentgenographically. All teleoroentgenograms in this position were 
taken at a rotation of 55 degrees. Although it was difficult to take teleoroent- 
genograms at a specified rotation, fairly satisfactory results were obtained in most 


instances. 

Right Anterior Oblique Position.—Teleoroentgenograms taken in this position 
were, in our opinion, less satisfactory than fluoroscopic examinations for showing 
slight backward displacement of the esophagus. Plates were therefore not taken 
routinely in this position. 


RESULTS 
Control Group 

Angle of Clearance——Of the 101 children, seventy-eight, or 77 per 
cent, had an angle of less than 55 degrees. In twenty-two children, or 21 
per cent, the angle of clearance was equal to 55 degrees, and in 1 child 
was more than 55 degrees. The child whose angle of clearance was more 
than 55 degrees was examined on two oceasions with the same results. 

No definite correlation was found between the angle of clearance and 
the following factors: age, body build, height of the diaphragm, position 
of the heart, and state of nutrition. We agree, however, with Wilson’s 
statement that typically vertical hearts tend to clear at smaller degrees 
of rotation than transverse hearts. 

Among our controls, in contrast to Wilson’s observations in 119 nor- 
mal children, an angle of clearance of 55 degrees was found in one-fifth 
of the cases (21 per cent). In Wilson’s control group the angle of clear- 
ance was less than 55 degrees in 97 per cent, and she therefore coneluded 
that an angle of 55 degrees, or more, was abnormal, indicating enlarge- 
ment of the left ventricle. In view of the high percentage of normal 
children whose hearts we were unable to clear at less than 55 degrees, 
our findings suggested that only angles of more than 55 degrees could be 
considered abnormal. 


*At the suggestion of Dr. Hugo Roesler, of Philadelphia, exposures of 1 second 
were used to include both phases of the cardiac cycle and thus record the maximum 
size of the heart. 


| 
| 
| 
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No history or evidence of heart disease was found in the child with an 
angle of clearance of more than 55 degrees. The examination of some 
children is unsatisfactory, and we think it probable that this child failed 
to stand properly. We have met with the same difficulty in our group of 
rheumatie children. 

No displacement of the esophagus was observed in any 


Esophagram. 

of these children. 
Rheumatic Group 

1. Apical Systolic Murmurs, fifty-five children: (a) Children with 
constant apical systolic murmurs and cardiac enlargement, seven chil- 
dren.—Of the fifty-five children with constant apical systolic murmurs, 
only seven showed ecardiae enlargement on physical examination. The 
area of cardiac dullness extended beyond the midelavicular line, and, in 
the opinion of three different observers, cardiac enlargement was present. 
According to the eriteria of the New York Heart Association,’ these 
seven children should be classified as cases of mitral insufficiency. The 
data in regard to the rheumatic history, duration of disease, period of 
quiescence, period of observation at Irvington House, angle of clearance, 
enlargement of the left auricle, enlargement on physical examination, 
and enlargement of the frontal area are presented in Table I. It will be 
seen that the duration of the disease in every case was three years, or 
more, and that none of the children had shown any signs of rheumatic 
activity for at least twenty-five months, as determined from the clinic 
and hospital records and the period of observation at Irvington House. 


TABLE I 
ANGLE OF CLEARANCE IN PATIENTS WITH MITRAL INSUFFICIENCY 
NO. NO. OF QUIES- DURATION | OBSER- 
PATIENT SEX AND AGE DISEASE | TION ANGLE] L. A.| P. E. | AREA 
AT EACH (YR.) | (MO.) 
1 3322 12 F 7 Ch* 30 5 17 70° _ oa + 
L.A. 10 Ch 
2 3210 12 F 4 P 48 8 29 70° o- + + 
B.Z. P 
3 3301 10 M 7 P 35 3 12 70° - + - 
M.S. 
4 3329 11 F 4 PandC] 36 7 20 65° 
A.R. 8 PandC 
§ 3378 13 F 5 Searlet | 25 8 8 35° ~ a + 
D.G. 5 Jt. P 
11 C 
6 3287 12 F 6 P 42 6 22 70° ~ + - 
J.M. 7 P 
9 P 
7 3403 9 F 5 P 48 4 6 70° = + + 
R.A. 
*The following abbreviations and symbols are used in all tables: 
Ch, Chorea P.E., Physical Examination 
4 Polyarthritis L.A., Left Auricle 
Cc, Carditis H.D.., Heart disease discovered 
at. P, Joint pains +, Enlarged 
Angle, Angle of Clearance (Wilson) -, Within normal limits 
" Male Area, Frontal Area 


Female 
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TABLE ITI 


ANGLE OF CLEARANCE IN PATIENTS WITH POTENTIAL HEART DISEASE 


1 | 3395 11 M | 94 P 18 13 6 |55°| - | - - 
N.W | 
3333 12 M P,C ? 52 + 13 | 55°] 
LB. 
3 | 3293 i2 M | 9 PandC 28 3 15 | 55°} - a “ 
A.B. Ch 
4/3269 |10 | M| 7 Ch | 3 | 20 | | - 
C.F. aes 
7 PandC 
| 8 Ch 
5 13355 |10 | M|7 PandC a2 | 33/14 - | - | 
M.F. 
6 | 3316 9 Mi 5P 24 4 10 | - 
L.K. 8 C 
7 |3234 |14 | M /10 P 24] 4 | 20 /65°} - | - | - 
P.M. 10 P 
12 PandC 
8 | 3184 12 M | 6 PandC 72 6 | 23 | 55°| - = Jn 
H.O. | | 
9 | 3335 9 M | 7 PandC 17} 2 | 10 | 55°] - ” + 
R.R. 7 PandC | 
10 | 3330 11 M 9 PandC 20 | 2 | 16 | 55°] - 
R.A. | 
11 |3348 |13 | M|8P 5 | 8 {55°} - | - | - 
E.C. | 10 P 
12 P | 
12 | 3375 =| 12 M | 6 PandCh 25 | 6 7 |50°] - 
C.C. 11 Ch | | 
13 |3205 |10 | M| 5 Jt. P loa} 5 | 22 - | | - 
7 C 
14 | 3374 | 10 M | 7 PandC | 26 3 12 | 45°] - “ _ 
D.E. | 
15 | 3237 10 | M | 6 PandC 48 | 4 | 17 | 55°] - | 
D.O. 
16 |}3385 | 9 M 7 PandC 30 2 12 | 50°| - 
J.O’N 
17 |3350 |10 |M/|7PandC_ | 18] 3 | 14] 55°] - | - | - 
HP. | 8 PandC | 
18 | 3297 | 11 M | 9 PandC 24 2 18 | 55°| - ~ ain 
D.R. | 
19 | 3299 9 | M| 4 PandC? 48 | 5 | 12|55°| - | - | 
AR. | at 
20 |3369 |13 | M | 4 Scarlet 108 | 9 | 10 |50°} - | - | - 
S.R. 4C 
21 | 3371 13 M/i8P 22 5 10 |50°| 
D.S. 11 PandC | 
22 13356 |13 | PandC 18} 4 |14|55°} - | - | - 
FS. 12 P 
23 13337 |15 | M {12 P 36} 3 | 9 155°] - | 
AS 
24 | 3377 9 | F | 6 PandC 30 | 3 | 12 |50°}] - | - | - 
A.B 
25 | 3261 113 F {11 C, P and Ch} 22 2 18 |} 55°| - | - on 
D.B. 
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| 


| 
a < A< < = a < 
M.D. | 
27 | 3341 10 |F/8P | 16156") =] = | 
M.F. | | 
28 | 3291 | 12 | F [10 Ch 
C.K. 10 Ch and C 
29 |3363 | 103| F | 8 Searlet 19 | 23/13 |50°) - | - | | 
| V.L and C 
| | loc 
30 | 3364 9 | F | 7 Chand C# | 23] 2 | 12 /55°} - | - | - | 
| D.McK | | 
31 |}F/|8P | 54] 4 | 37 55°} - | - | - 
| D.V. | | 
32/3379 |14 | F |11 0 24 | 3 | 
| J.H. | | | | 
33/3396 F | 7P 29 | 6 | 50°} | | - 
34 | 3303 }12 | | 66 | 14 | - 
| F.B. | = | 
a5 | 3345 |F |6C | 18 | 6 | 14 | 55°} | | 
36 | 3308 | 9 | F 6 PandC | 36 | 3 121 ;o6°; - - | - 
Y.MeD.| | | | 
37: 13325 |11 | F | 8 Pandc 22 | 3 | 16 | 55°} | 
P.McG. | 9C | 
38 {3160 | 12 | | 36 | 8 | 27 | 60°; — -{- 
L.S. 10 | | | 
39 | 3383 | 14 | F /|10 Ch | 14 | 4 | 10 | 60 | - | | |Heart 
| LK, 12 Ch ee | | | dis- 
| j13 Ch placed 
to left 
40/3365 | 9 | F | 5 Ch 
EK. 6 Ch | | | | 
8 Ch 
41 |3307 | F | 6 Ch 60} 5/12 
42 |3321 |16 | M Ch | 72] 6 | 14 | 55° | 
P.H. | 
43 [3347 F | 3 Ch 16 |10 | 14 |65°| - | - | |Poor 
aw. | | 6 Ch 
8 Ch | | ture 
9 Ch | a | 
44 | 3267 15 | F | 8 Ch 22| 7 | 22 - | - | - |Unsat- 
| G.DeM. 13 Ch | isfac 
| | 
| | obese 
45 |3326 |12 | F | 5 Ch 7 | 10 - | | = 
B.S. 
46 |3327 |13 | F | 9P 24 | 4 | 16 | 65° -|-|- 
ins. | | 11¢ | | | | | 
47 {3368 [11 | M/8P 
48 | 3370 | 36 | 8 | 12 65°} - = | « 
| 
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The angle of clearance was uniformly increased to a value well above 55 
degrees, and no enlargement of the left auricle could be demonstrated in 
any instance. Enlargement of the frontal area was present in only four 
of these seven eases. 

(b) Children with constant apical systolic murmurs but without car- 
diac enlargement on physical examination, forty-eight children.—All of 
these children had clear-cut rheumatic histories ; in only seven cases, Nos. 
39, 40, 41, 42, 43, 44, and 45, was there a history of ‘‘pure’’ chorea. In 
no instance was cardiae enlargement demonstrable on physical examina- 
tion. According to the criteria of the New York Heart Association, these 
children would be classified as cases of potential heart disease. The data 
in regard to rheumatic history, period of quiescence, duration of disease, 
period of observation at Irvington House, angle of clearance, enlarge- 
ment of the left auricle, and enlargement of the frontal area are pre- 
sented in Table If. The average duration of disease in this group of chil- 
dren with potential heart disease was four years, with a minimum of two 
vears. The period of quiescence was thirteen months or longer. 

The angle of clearance showed the following values: 


1 child 45 degrees 
10 children 50 degrees 
26 children 55 degrees 

4 children 60 degrees 

7 children 65 degrees 


Thirty-seven, or 77 per cent, of these children with potential heart dis- 
ease showed an angle of clearance of 55 degrees or more. If we accept 
Wilson’s conelusion that an angle of 55 degrees, or more, indicates a 
definite abnormality, the percentage of children in this group with an 
enlarged angle of clearance is almost identical with that found by Wil- 
son in a similar group of sixty-four children with potential heart disease. 
In our own control group of 101 children, however, angles of clearance of 
55 degrees were obtained in twenty-two children (21 per cent), suggest- 
ing that a value of 55 degrees was within the limits of normal. Therefore, 
only values of 60 degrees, or more, have been considered abnormal. 

In analyzing the results summarized in Table II, the diffieulties in- 
herent in the method must be taken into consideration. In some children 
with poor posture or slight scoliosis of the thoracic vertebrae, with dis- 
placement of the heart to the left, enlarged angles of clearance were ob- 
tained on repeated examinations, although the diameter and contour of 
the cardiac silhouette in the left anterior oblique position appeared to be 
entirely normal. Occasionally, marked development of the breasts inter- 
fered with a satisfactory examination. Cases No. 7, 39, 43, and 44 illus- 
trate these difficulties. 

In eases No. 5, 6, and 38, in which the angle of clearance was 60 de- 
grees, and in eases No. 45, 46, 47, and 48, in which the angle of clearance 
was 65 degrees, the curve of the left lower eardiae border in the left 
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oblique position seemed accentuated. It was thought probable, there- 
fore, that the left ventricle was slightly enlarged in these seven cases, 
although no enlargement was demonstrable on physical examination and 
the frontal area was increased in only two instances (cases No. 5 and 47). 

2. Apical Systolic and Apical Diastolic Murmurs, eight children.— 
In children, well-marked, rumbling, diastolic or presystolic crescendo 
murmurs, in the absence of aortie regurgitation, are generally accepted 
as an indication of mitral stenosis. This type of murmur is rarely heard 
in children less than 10 years of age. 

According to the eriteria of the New York Heart Association,® the 
roentgenologie finding most characteristic of mitral stenosis is enlarge- 
ment of the left auricle. It was thought of interest to see in how many 
instances left auricular enlargement was demonstrable in children with 
typical apical diastolic murmurs. At the same time, the findings in re- 
gard to the angle of clearance, enlargement on physical examination, and 
enlargement of the frontal silhouette were noted. Only eight children 
with murmurs considered by several observers to be characteristic of 
well-established mitral stenosis were included in this group. The data 
are presented in Table III. The duration of the disease in these eight 
children was four to six years, and the period of quiescence was twenty- 
one months, or longer. 


TABLE IIT 


ANGLE OF CLEARANCE AND SIZE OF THE LEFT AURICLE IN PATIENTS WITH MITRAL 
INSUFFICIENCY AND MITRAL STENOSIS 


| | 


Be 
| i > | Zz 
1 | 16) M /10-12 Jt. P 45 | 6 | 103 50° + | | — |Apical 
F. C. 11 C, nodules dias- 
| | tolie 
thrill 
2 | 3366 12 F | 6 Ch 0 6 |14 70° 
D | 10 P 
| 309] 13 8 24 5) 2 66°) 
M. H. 11 C | | | 
4 | 322 13 | M/| 9H. D. 4 | 
lg. M. | we | 
5 3282 14 K 9 Ch 5 | 164 | 60°; = 
P. N. 11 Ch | | | 
12 P | 
6 | 10 | F 15 Jt P | 24] | 70°] + | + | [Apical 
R. S dias- 
| | | | tolie 
7 | 3150 12 | F | 5-7 Jt. P 60 | 5 |27 | 65°] - | - | |Apieal 
| D. W. | dias- 
| tolie 
| | | thrill 
8 | 3292 15 Ch 5 


= 
— 
Ko) 
t 


Crh. 
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In this group of eight children with mitral insufficiency and stenosis, 
the angle of clearance was increased in five instances. In two of these 
five cases, cardiac enlargement was also demonstrable on physical exami- 
nation and by measurements of the frontal area. In one ease enlarge- 
ment was present on physical examination but the frontal area was 
normal. In two eases the angle of clearance was increased without 
demonstrable cardiac enlargement on physical examination or by meas- 
urements of the frontal plane of the teleoroentgenogram. Only five of 
these eight children showed enlargement of the left auricle. In only one 
instance (case No. 2) was the enlargement of the left auricle sufficiently 
marked to displace the esophagus in the anteroposterior position as well 
as in the right anterior oblique position. In no instance did the left 
auricle extend to the left bronchus in the left anterior oblique position 
and obliterate the ‘‘tracheal window.’’ 

3. Apical Systolic, and Short, Soft Apical Diastolic, Murmurs of 
Doubtful Significance, thirteen children.—Every pediatrician and ear- 
diologist who has rheumatie children under his care is aware that a short, 
soft, atypical diastolic murmur is sometimes heard at the apex. Often 
this murmur is only audible after exercise. The bruit under discussion 
sounds like a murmur and usually is not considered to be a third heart 
sound. The interpretation of this type of murmur is extremely difficult. 
It may indicate a progressive lesion, in which ease it gradually becomes 
a typical diastolic rumble. It may persist for several years without be- 
coming more marked, or it may disappear completely. Most observers 
are of the opinion that with this type of murmur the diagnosis of mitral 
stenosis is unwarranted. The term ‘‘ potential mitral stenosis’’ has been 
suggested for these cases by Schlesinger.’ 

The data in regard to the angle of clearance, enlargement of the left 
auricle, enlargement on physical examination, and enlargement of the 
frontal silhouette in thirteen children who, in the absence of rheumatic 
activity, have shown this type of diastolic murmur for a considerable 
period of time are presented in Table IV. The minimum duration of the 
disease in this group was two years, and the period of quiescence, twelve 
months, or more. 

In eleven of the thirteen children with atypical apical diastolic mur- 
murs the angle of clearance was increased. In four of these eleven cases, 
eardiae enlargement was also demonstrable on physical examination and 
by measurements of the frontal area. In two of the eleven cases cardiac 
enlargement was apparent on physical examination but not by measure- 
ments of the frontal plane. In one case the frontal area was increased 
above normal, although no enlargement was present on physical examina- 
tion. In four cases the angle of clearance was increased without demon- 
strable enlargement on physical examination or by measurements of the 
frontal plane. The left auricle was enlarged in six of these thirteen chil- 


dren. In only one instance (case No. 12) was the enlargement of the left 
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auricle sufficiently marked to displace the esophagus in the anteroposterior 
position. In no instance did the left auricle extend to the left bronchus in 
the left anterior oblique position and obliterate the ‘‘tracheal window.’’ 


DISCUSSION 


In the material presented above an attempt has been made to see how 
often enlargement of the left ventricle could be detected by the method 


TABLE IV 


ANGLE OF CLEARANCE AND SIZE OF THE LEFT AURICLE IN PATIENTS WITH APICAL 
SYSTOLIC, AND SHORT, Sorr APICAL DIASTOLIC, MURMURS OF DOUBTFUL SIGNIFICANCE 


| | NO. OF DURATION |OBSER- 
OF |PATIENT] | SEX ORNT |ANGLE| L, A.| P. E.|AREA 
CASES (YR.) | AND AGE (0,) | DISEASE | 1 ION | 
|__| __| av EacH (yr.) | (M0.) | 
IT. C. | | 
2 13323 | 10 |F 24 9 10 | 
lJ. C 
3 | 9 | F | 6c is | ose | |-+] - 
D. | 7 C 
| | | 8c 
4 |3190 |F/|5P 116 | 40 | | 4 | 
|E. DeL. | | 
|3248 | 10 | 6p 14 4 18 | -~}|-|- 
|r. G. | 9 | 
6 |3329 10 | F 5 Ch | 29 5 16 65° | - + | + 
}O. K. | | 6 Ch | | 
| | 7 Ch | ae 
7 |3290 | 13 | F | 8 Ch 13 5 
la. L. | | /12 Ch and | 
| 
8 | 9 | F | 6 Ch 24 | 18 | | - | -|- 
M. M. | 6 C and | | | 
| Ch 
7 C and 
| Jt. P | | 
9 |3225 1] M|9P 24 | 2 | 21 | 60° | + 
10 |3448 2|M{7P 14 5 | 15 | 60° | 
iR. R. isc | | | | 
| 9P | 
110 C 
11 |3309 | 9 |F | 7C 24 2 11 | o5°| - | + | + 
F. 8. | | | | 
12 |3372 9 |M/|4P | 30 5 | 4 65° | +e 
A. 6 P | | 
ag 
13 |3332 | 28 | + | - | - 
|V. D. | 


described by Wilson’ in two groups of rheumatie children whose only 
auscultatory abnormality was an apical systolic murmur. The first group 
consisted of seven children with mitral insufficieney (children with apical 
systolic murmurs and definite enlargement on physical examination). 
The second group consisted of forty-eight children with potential heart 
disease (children with rheumatic histories and constant apical systolic 
murmurs without demonstrable cardiae enlargement on physical exami- 


nation). 
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According to Wilson’s findings, an ‘‘angle of clearance’’ of 55 degrees, 
or more, was abnormal, indicating left ventricular enlargement. In a 
control group of 101 normal girls examined by us, however, an angle of 
clearance of 55 degrees was found in twenty-two children, or 21 per cent. 
We, therefore, concluded that only values above 55 degrees could be 
considered abnormal. 

In the seven children with mitral insufficiency, the angle of clearance 
was definitely increased in every instance. However, in spite of the 
presence of enlargement on physical examination and the increased angle 
of clearance, enlargement of the frontal areas was noted in only four of 
these seven cases. 

In forty-eight children with potential heart disease, the angle of clear- 
ance was found to be above 55 degrees in eleven eases. In four of these 
eleven cases, however, the determinations were unsatisfactory for reasons 
already discussed. In the seven eases in which it was thought that the 
increased angle of clearance might represent enlargement of the left 
ventricle, a value of 60 degrees was obtained in three cases and a value 
of 65 degrees in four. The frontal areas were normal in five of these 
seven children. 

In view of the many factors involved and the difficulties of making 
the determinations in children, too much weight cannot be placed on 
small numerical differences. Hearts that seemed enlarged on physical 
examination usually showed angles of clearance well above 55 degrees 
(65 or 70 degrees). It was difficult to be sure that an angle of clearance 
of 60 degrees represented a definite abnormality in cases in which the 
heart seemed normal on physical examination and in teleoroentgeno- 
grams taken in the anteroposterior and left oblique positions. The meas- 
urement of the angle of clearance, in our opinion, is a valuable proce- 
dure, not because it is possible to draw a sharp line between what is 
normal and what is abnormal, but because it so often corrects an er- 
roneous impression of left ventricular enlargement. In patients with 
high diaphragms and transverse hearts, the appearance of the heart in 
the anteroposterior position often suggests left ventricular enlargement. 
In this type of patient, if the angle of clearance is 55 degrees or less, we 
believe that it is safe to conclude that the heart is not enlarged. Further- 
more, although the significance of a slight increase in the angle of clear- 
ance is often difficult to interpret, fluoroscopic examination with a turn- 
table at known degrees of rotation is of value. With this method, exami- 
nations in the left anterior oblique position tend to be more uniform, and 
variations in different patients and changes in the same patient at dif- 
ferent times can be detected more readily. 

It is of interest that, in the group of fifty-five children who had an 
apical systolic murmur, enlargement of the left auricle could not be 


| 
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demonstrated in a single instanee. On the other hand, even in eases of 
clear-cut mitral insufficiency and stenosis of several years’ duration, this 
chamber was not uniformly enlarged. 

The findings in eight children with typical mitral insufficiency and 
stenosis and in thirteen children with apical systolic murmurs and short, 
soft, diastolic murmurs of doubtful significance have been compared with 
those in seven children with mitral insufficiency and in forty-eight chil- 
dren with potential heart disease. 

The angle of clearance was increased in sixteen of these twenty-one 
children. In addition to an increased angle of clearance, enlargement on 
physical examination or by measurement of the frontal plane was present 
in ten of these sixteen cases. 

It has been emphasized by Nemet® and Roesler® that measurements of 
the frontal area are of little value in borderline eases of cardiae enlarge- 
ment. The range of variations in the size of the normal heart is so great 
that the results of sueh measurements are unreliable except in hearts that 
are obviously enlarged or obviously normal. A small heart may enlarge 
considerably before it exceeds the upper limit of normal, whereas a heart 
which is already near the normal limit in size would have to enlarge only 
slightly to be considered abnormal. 

On the other hand, in view of the fact that the left ventricle forms so 
large a part of the heart, it seemed possible that an increase in the size 
of this chamber, suggested by an enlarged angle of clearance, might be 
confirmed by finding an enlarged frontal area. 

In the whole group of seventy-six rheumatic children, an enlarged 
angle of clearance was found in thirty. The frontal area, however, was 
found to be increased in only thirteen of these thirty children, or in 48 
per cent. 

It was thought that the presence or absence of an enlarged left auricle 
would help us to come to some conclusion as to the correct anatomic diag- 
nosis in children with atypical apical diastolic murmurs. In view of the 
variat le findings in children with definite mitral stenosis of several years’ 
standing, it is impossible to attach much significance to the absence of 
enlargement of the left auricle. In children in whom the apical diastolic 
murmur is not characteristic, the presence of an enlarged left auricle is 
suggestive evidence that mitral stenosis is developing, but a normal left 
auricle does not rule out this possibility. In our opinion, it is only by 
following the same children over a period of years that the significance of 
a slight displacement of the esophagus in the right anterior oblique posi- 
tion ean be interpreted correctly. 

Since so much emphasis is placed on the presence or absence of en- 
largement in making anatomic diagnoses in rheumatie heart disease, it is 
important to bear in mind the faetors that cause cardiae enlargement. 
The valvular defect is rarely sufficiently marked to produce dilatation or 
hypertrophy by itself. Enlargement is usually the result of the combina- 
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tion of an inefficient, diseased myocardium and a slight or moderate 
valvular lesion. According to Lewis'® and Palmer," with a given amount 
of myocardial damage the heart will not enlarge further. It is only 
when the lesion is progressive that progressive enlargement takes place. 
It is well known that a small number of patients with clear-cut mitral 
stenosis or aortic insufficiency of several years’ standing fail to develop 
demonstrable enlargement. In these cases the myocardium has probably 
made a good recovery and is able to compensate for the valvular defect. 
Persistent but nonprogressive cardiac enlargement in children with no 
detectable evidence of rheumatic activity may indicate a chronically 
damaged myocardium, rather than a marked valvular defect. From the 
point of view of prognosis, the most important thing to ascertain is 
whether the size of the heart is increasing, decreasing, or remaining sta- 
tionary. If the child is not growing too fast, changes in the size or con- 
tour of the heart can best be detected by the method used by Palmer,"' 
namely, the superposition of outlines obtained by making tracings of 
comparable teleoroentgenograms or orthodiagrams. 
CONCLUSIONS 

1. In eases of questionable cardiae enlargement it is usually impossible 
to be certain of a definite abnormality on the basis of a single radiologic 
measurement. 

2. The chief value of any radiologic procedure in cases of early rheu- 
matic heart disease is to detect changes in the size or contour of the heart 
in the same patient at different times. 

3. The measurement of the ‘‘angle of clearance 
of a turntable, is of value because it tends to standardize the fluoroscopic 
examination of the patients in the left oblique position and makes the 
findings in the same patient at different times comparable. Furthermore, 
this procedure is an aid in ruling out left ventricular enlargement in pa- 
tients with high diaphragms and transverse hearts, in whom the heart 
appears enlarged to the left in the anteroposterior position. 

4. Early enlargement of the left auricle can best be demonstrated by 
the backward displacement of the barium-filled esophagus. The presence 
of an enlarged left auricle suggests that mitral stenosis may be develop- 
ing, but the absence of enlargement of this chamber does not exclude this 


(Wilson), by means 


possibility. 

5. In accordance with the observations of previous investigators, we 
found that measurements of the frontal area proved of little value in 
establishing a definite abnormality in cases of early rheumatic heart dis- 
ease in children. 
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Corrigendum 


In the article, ‘‘The Effects of Alkalosis and of Acidosis Upon the Human 
Electrocardiogram,’’ by Paul S. Barker, M.D., E. Lee Shrader, M.D., and Ethel 
Ronzoni, Ph.D., which appeared in the February, 1939, issue of the Journal, the 
phrase ‘‘hydrogen ion concentration,’’ wherever it appears, should be read ‘‘pH.’’ 


MEASUREMENT OF CIRCULATION TIME WITH CALCIUM 
GLUCONATE IN PATIENTS RECEIVING DIGITALIS, 
WITH ELECTROCARDIOGRAPHIC STUDIES 


Harry C. M.D. 
NEw ORLEANS, La. 


A SIMPLE, harmless method for determining the circulation time 
is useful in the diagnosis of eardiae diseases. Recently, caleium 
gluconate was proposed to fulfill such requirements. When so used, it 
must be injected rapidly into the veins of patients many of whom are 
taking digitalis, and among these are some with definitely diseased hearts. 
Thus, the possibility of the synergistic action of calcium and digitalis 
arises. Consequently, one must violate certain safety precautions, to 
which the medical profession’s attention has been called. 

Numerous investigators'* have shown that calcium and digitalis 
have an additive or synergistic effect on the heart, and that calcium, 
when injected rapidly, is a potentially dangerous drug. Much of this 
experimental work was done on animals under circumstances not com- 
parable to those existing when calcium is used in measuring circulation 
times in man. Golden and Brams* used dogs weighing 8 to 12.5 ke. 
and gave 50 to 90 per cent of the caleulated lethal dose of digitalis intra- 
venously in single doses. These large doses produced a rise in blood 
pressure, heart block, and ventricular tachyeardia. Obviously, digitaliza- 
tion is never intentionally carried this far in human subjects. These 
workers then injected 15 to 17.5 e.c. of a 20 per cent calcium gluconate 
solution into the vein at a rate of 4 ¢.¢. per minute. This resulted in 
ventricular tachyeardia, ventricular fibrillation, and, finally, death. 
These results led them to advise against the use of calcium intravenously 
in any patient who is receiving digitalis. 

On the other hand, Goldberg’ has injected 2.5 ¢.c. of a 20 per cent 
ealeium gluconate solution rapidly into the vein (1 to 2 see.) in 500 
patients, many of whom had heart disease and were digitalized, without 
noting any harmful effects. Likewise, Baer and Slipakoff® used the same 
technique on 356 similar patients with no untoward reactions. Berliner’ 
found that 10 ¢.c. of a 20 per cent calcium gluconate solution had to be 
injected rapidly, i.e., within 15 seconds, to produce electrocardiographie 
changes, namely, bradyeardia and flattening or inversion of P and T 
waves. These changes were transient. In two cases there was brief 
sinus arrest; this occurred in frail individuals. 

From the Department of Medicine, University of Illinois College of Medicine, and 
Illinois Research and Educational Hospital. Supported by the Benjamin and Julius 
Cohen Heart Fund under the direction of Dr. Benjamin Goldberg. 

Received for publication Feb. 15, 1939. 
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Because of the previous warnings we decided to investigate further 
the use of calcium for measuring circulation time, and to note any 
changes that occur in the electroecardiogram during its administration. 
For comparison, the circulation time was measured with decholin. 


PROCEDURE 

Each patient was placed in a recumbent position for 20 to 30 minutes before 
the tests were begun. With the arm at the level of the right auricle (5 em. below 
the plane of the manubriosternal junction), the solution was injected through an 
18-gauge needle into an antecubital vein as rapidly as possible. This took 
about 1 second. It was found that the readings checked when the same amount of 
time was consumed for each injection. The circulation time was determined with 
a stop watch from the beginning of the injection to the first moment the sensation 
of bitterness or heat was felt in the tongue. At least 1 minute was allowed to 
elapse after the tourniquet was released before the solutions were injected. We 
used 5 c.c. of a 20 per cent decholin solution followed by 2.5 to 3 ¢.c. of a 20 
per cent caleium gluconate solution, and three minutes later 3.5 to 5 ¢.c. of a 20 per 
cent calcium gluconate solution. All of these were injected through the same 
needle. Sometimes the calcium was injected before the decholin, but the order 
seemed to make no difference in the results. 

When electrocardiographic studies were made, the three standard leads ‘were 
taken first. Lead II was then taken again, and, with the patient remaining in 
the circuit, 2.5 to 5 «cc. of a 20 per cent calcium gluconate solution were injected 
as described above. The circulation time was confirmed by standardizing the trac- 
ing at the beginning of the injection and at the first sensation of heat in the 
tongue. The tracing was continued for at least 2 minutes, and another strip 
taken in 4 to 5 minutes. 

RESULTS 

Patients were arbitrarily divided into two classes: those with a 
decholin circulation time of less than 20 seconds, and those with a 
circulation time of more than 20 seconds. The results are shown in 
Tables I and II. It will be seen that Table I comprises patients without 
eardiae disease and patients whose hearts were in a good state of com- 
pensation. Table II includes patients with signs and symptoms of con- 
gestive heart failure or other conditions that yield prolonged circula- 
tion times, such as myxedema or polycythemia. We found that all pa- 
tients with congestive heart failure had circulation times in excess of 20 
seconds; however, not all patients whose circulation times were longer 
than 20 seconds necessarily had congestive heart failure. It was in- 
teresting to note that one patient (Case 49, Table II) with auricular 
flutter and congenital heart disease showed a circulation time of 22.4 
seconds (decholin) when he had no heart failure, as judged by clinical 
observations. In this case it was technically impossible to use the ante- 
cubital veins, so recourse had to be made to the wrist veins. This may 
possibly account for the delay, although it is more probable that the 
figures represent a true slowing of the circulation. It was found that 
when the decholin time was below 20 seconds, 2.5 to 3 ¢.c. of caleium 
gluconate solution yielded results that corresponded closely with 5 c.e. 
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of decholin in most of the eases. We finally settled on 3 ¢.c. of calcium 
gluconate solution because measurements with this amount checked 
better. However, when the decholin time became more prolonged the 
calcium time usually lagged far behind. In many eases there was no 
end point. Hence, we attempted to secure an end point by using larger 
amounts of calcium gluconate solution, up to 5 ¢.c. In a typical instance 
(Case 47, Table II), a patient with rheumatic heart disease and auricu- 
lar fibrillation, severely decompensated, at first had a decholin time of 
44.6 seconds; 2.5 ¢.c. of caleium gluconate solution gave no response, 
whereas 3.5 ¢.c. required 57.6 seconds. After digitalization to the point 
of toxicity (nausea, vomiting, pulsus bigeminus), the decholin time was 
reduced to 29.6 seconds, while 4 ¢.c. of calcium gluconate solution gave 
a circulation time of 38.6 seconds. A few days later, when all signs of 
toxicity had disappeared and the patient was much improved clinically, 
the decholin time became further reduced to 27.6 seconds; 3 ¢.c¢. of 
ealecium gluconate solution still gave no response, and 4 ¢.¢. gave an 
arm-to-tongue time of 48 seconds. In this ease the decholin gave cireu- 
lation times that paralleled the clinical improvement, whereas the e¢al- 
cium times were discordant. 

Fifteen patients had been given full doses of digitalis prior to the use 
of caleium gluconate for measuring the circulation time. In no instance 
did we observe the slightest reaction from the rapid intravenous injec- 
tions of ealeium gluconate. 

Electrocardiograms were made on eleven patients during the intra- 
venous injection of caleium gluconate. Usually there was an initial 
inerease of the heart rate (about 10 beats per minute) during the injec- 
tion, followed by a gradual slowing that reached its maximum about 
60 to 80 seconds after the start of the injection. In eight cases the rate 
returned to the basal level, and in three it fell 5 to 15 beats below the 
basal level. One patient, without cardiac disease, was given 2.5 ¢.c. of 
ealeium gluconate solution. The electrocardiogram showed flattening of 
the P waves, and the T waves, which were previously low and .diphasic 
in Lead II, became inverted. Both returned to their previous state in 2 
minutes. Another patient (Case 47, Table II), with digitalis intoxica- 
tion, referred to above, was given 4 ¢.c. of caleium gluconate solution and 
showed only a fall in pulse rate from 95 to 80. This patient’s electro- 
eardiogram showed depressed S-T segments and ventricular premature 
beats coupled with normal eyeles. In no electrocardiogram were there 
changes in the QRS and Q-T intervals. No other noteworthy electro- 
eardiographie changes occurred. On two 5 ¢.e. of caleium 
gluconate solution were given to a patient (Case 38, Table II) with 
hypertensive arteriosclerotic heart disease who had been on full doses 
of digitalis and had been known to have a gallop rhythm for at least 
one year. He had no reaction nor did his electrocardiogram show any 
changes during the injection. 
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COMMENTS 


It is difficult to reconcile the apparent harmlessness of calcium glu- 
conate when it is used for measuring circulation time with the potential 
danger as evidenced by the clinical and experimental observations of 
Bowers and Mengle,' Lloyd,? Golden and Brams,* and others.® 2" How- 
ever, it may be well to point out that Golden and Brams used 15 to 17.5 
e.c. of 20 per cent calcium gluconate solution in dogs weighing 8 to 12.5 
kg., or about 1.2 to 2.2 ¢.c. of 20 per cent calcium gluconate solution per 
kg. of body weight, as compared to 2.5 to 5 e.c. in human subjects weigh- 
ing 60 to 80 kg., which is about 0.035 to 0.07 ¢.c. per kg., or one-thirtieth 
as much. The cireulating blood volume is roughly proportional to the 
body weight. Hence both the digitalis and calcium concentrations in 
their dogs were far in excess of any ever obtained in man when calcium 
in small amounts is used for measuring circulation time. The two fatal- 
ities reported by Bowers and Mengle oceurred in cases in which digitalis 
was being administered when calcium was injected, but the patients 
showed no evidence of congestive heart failure. In both eases a surgical 
operation had recently been performed, and the cause of the tachy- 
cardia was probably extracardiac. One patient received 10 ¢.c. of 10 
per cent calcium gluconate solution, and the other 10 ¢.c. of 10 per cent 


ealeium chloride solution. It is difficult to explain the cause of these 


deaths; however, their experimental evidence indicting calcium and 
digitalis is unconvincing because the dose of digitalis injected was in it- 
self lethal in one dog, and approached lethal proportions in the other 
dogs. Lloyd used 10 per cent calcium chloride solution in his experi- 
ment on himself. Wolfe and Bellet® reported a death following the use 
of 10 ¢.c. of 10 per cent calcium chloride solution in a 68-year-old person 
with advanced arteriosclerotic heart disease, heavily digitalized and al- 
most in extremis before the injection of caleitum. Bernstein and Simkins”* 
report two deaths attributable to calcium injections in digitalized pa- 
tients. One apparently received 2.5 c.c. of 20 per cent caleium gluconate 
solution for measurement of circulation time, and died within a few 
hours. The other had recentiy had a cholecystectomy ; he died suddenly 
during a calcium injection. Unfortunately, the details of these two 
deaths are not given. In the second ease it is not certain whether the 
gluconate or the chloride salt of calcium was used, and the speed and 
quantity of the injection are also unknown. Thus another fact that 
may have bearing on the question is that calcium chloride was the drug 
used in three of the cases in which the patient died or serious cardiac 
consequences occurred. It may be well to point out a few differences 
between calcium chloride and calcium gluconate, besides the well-known 
difference in producing tissue irritation. Gram for gram, the chloride 
contains about three times as much calcium as the gluconate, and, fur- 
thermore, there is much greater ionization of the chloride than the 
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gluconate. Thus if one intends to use a calcium salt for measuring 
circulation time one should refrain from using the chloride. 

Walters and Bowler’® showed that calcium is eliminated rapidly from 
the blood, and that there is no tendency for it to accumulate. They 
noted further, in two instances following rapid injections, that the 
calcium content of the heartblood taken immediately after death was 
twice that of the blood taken from the external jugular vein, and they 
concluded that the rapidity with which the injection is given, producing 
a sudden concentration of calcium in the blood, seems to be a factor in 
the relative toxicity of any dose. MeGuigan and Higgins‘ also showed 
that the toxie dose of caleium salts varies with the rate of injection, 
and that there is no specific danger in slow administration of calcium 
after digitalis, other than an additive effect. In one of their experiments 
on an 8 kg. dog, the rapid injection of 25 ¢.c. of 10 per cent calcium glu- 
conate solution after 50 per cent of the fatal dose of digitalis killed 
the animal almost immediately, whereas in another dog the slow injection 
of the same amount of caleium after the same dose of digitalis was in- 
nocuous. These experiments suggest that it is a sudden increase in 
calcium ion concentration in the heart that is primarily responsible for 
the sudden deaths, rather than the synergism of ealeium and digitalis. 

In patients with congestive heart failure there is an increased circulat- 
ing blood volume, together with a slowed circulation rate. Curiously 
enough, both factors serve to dilute the caleium before it reaches the 
heart, and consequently act as a safety mechanism. 

Our results do not prove that calcium salts can be injected rapidly 
into patients, either digitalized or nondigitalized, without danger. How- 
ever, the fact that we noted no ill effects from the use of caleium 
gluconate as a circulation time agent was undoubtedly a result of the 
small amount injected, so that the increase in the ecaleium content of 
the blood was so small by the time it reached the heart that it had no 
toxie effect; and in digitalized patients, who are known to be liable to 
the additive effects of ecaleium and digitalis, the heart was further pro- 
tected by the diluting effects of congestive heart failure. 


SUMMARY AND CONCLUSIONS 

1. A comparison of decholin and calcium gluconate as agents in 
measuring circulation time reveals that 3 ¢.c. of 20 per cent ealeium 
sluconate solution yield results that correspond e¢losely with those ob- 
tained by 5 e¢.c. of decholin in patients with circulation times of less 
than 20 seconds. 

2. In eases in which the decholin circulation time is prolonged beyond 
20 seconds, the calcium time lags far behind, and calcium gluconate may 
give a blank reading in patients with extremely slow circulation time. 

3. In fifteen patients who were receiving full doses of digitalis, eal- 
cium gluconate was used twenty-seven times without any clinical evi- 
dence of the slightest untoward effect. 
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4. In eleven patients, two of whom were receiving full doses of 
digitalis, electrocardiograms made during the administration of 2.5 to 
5 e.c. of 20 per cent calcium gluconate solution showed no significant 
changes. 

I wish to express my appreciation to Dr. Robert W. Keeton, Head of the De- 
partment of Medicine, for suggestions and advice in completing this work. 

The 20 per cent calcium gluconate used in this study was made available through 
the courtesy of Sandoz Chemical Works, Inc., in the form of Neo Calglucon. 
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INTRATHORACIC GOITER SIMULATING RIGHT-SIDED 
CARDIAC ENLARGEMENT* 


CasE REPORT 


Mayo H. Souey, M.D., anp James F. Rrnewart, M.D. 
SAN FRANCISCO, CALIF. 


XTRUSION and peduneulation of thyroid adenomata are not un- 

usual. However, it is exceedingly rare that the pedicle is so long 
and extends so far into the mediastinum that the lower portion of the 
thyroid nodule is in contact with the diaphragm. In the ease to be 
reported, the mediastinal extension of the nodular thyroid simulated 
right-sided cardiac enlargement in the roentgenogram of the chest. In 
a search of the literature we found reports of only two other such 


cases.” 
REPORT OF CASE 

B. B. V., a 51-year-old, white, married, American housewife, was admitted to 
the University of California Hospital on Jan. 3, 1938. She had had a goiter for 
thirty years, and right upper quadrant pain for two years. 

When the patient was 21 years old, following her second pregnancy, she had be- 
come aware of a gradually progressive enlargement of the left side of her neck. 
After her third pregnancy, at the age of 23, a similar swelling had appeared on the 
right side. The enlargement of her neck had continued to increase until she entered 
the University of California Clinic. For several years before her entry she had had 
attacks of syncope, with loss of consciousness for an hour or longer. In the two 
years before entry, smaller tender nodules had appeared within the larger masses 
in her neck. Also, she had had attacks of pain in the right upper quadrant of the 
abdomen, radiating to the right costovertebral angle, to the right lower quadrant, 
and to the outer side of the right thigh. She had experienced some epigastric dis- 
tress and eructations after eating fatty foods. 

She had always lived in Modoe County, California. In childhood, she had had 
measles, mumps, chicken pox, and pertussis, and pertussis again at the age of 21 
years. At the age of 40 years, ‘‘pneumonia’’ had complicated a miscarriage in the 
eighth month of gestation. The patient stated that she had had some nasal ob- 
struction on the left side, and that her teeth were in poor condition. She had had 
hemorrhoids for many years. Menstruation had been irregular, with menorrhagia 
and metrorrhagia. There had been no significant changes in weight. She had had 
no accidents and no operations. She had been married at the age of 16 years, and 
had had 14 pregnancies, six of which terminated in misearriages between the fifth 
and eighth months of gestation. 

There was no familial history of goiter. One brother had idiopathic epilepsy. 

On physical examination the patient was found to be a large, obese, well-developed, 
florid woman of 51 years, obviously uncomfortable and dyspneic. Her weight was 
189 pounds. The pulse rate was 88, the temperature 37° C., and the respiratory rate 
20 per minute. The skin was dry and wrinkled. The hair was normal in texture 

*From the Department of Medicine, Surgery, and Pathology, and the Thyroid Clinic 
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and distribution. The nasal septum was deviated to the left. The tonsils were 
present and normal. Many teeth had been removed, and those remaining were 
The thyroid was enlarged to about twenty or more times the normal size, 


carious. 
The sternocleidomastoid muscles were 


was nodular, and extended substernally. 
pushed laterally and posteriorly. The trachea was displaced to the left. No thrill or 


bruit was heard over the thyroid. 

The area of cardiac dullness was greatly increased. 

The cardiae rhythm was normal. The blood pres- 

The abdomen was obese. 


The thorax was emphysematous. The lungs were 
normal. There was a soft, low- 
pitched, apical systolic murmur. 
sure was 125/70. The peripheral arteries were thickened. 
Examination of the spine showed a scoliosis to the left, senile kyphosis, and right- 
The cervix was patulous. There were a cystocele 


sided costovertebral tenderness. 
There were varicosities of both legs. 


and rectocele. 


Fig. 1.—Electrocardiogram taken preoperatively. 


Fig. 2.—Posteroanterior roentgenogram of chest, taken preoperatively. 


The hemoglobin was 104 per 
9,250. The 


Laboratory Examination.—The urine was normal. 
cent (Sahli); the erythrocyte count 5,120,000; and the leucocyte count 
differential count showed 59 per cent polymorphonuclears, 34 per cent lymphocytes, 
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and 7 per cent monocytes. The Mosenthal test gave normal results. The electro- 
cardiogram showed left axis deviation, a monophasic QRS,, a high T,, and slightly 
slurred QRS complexes and ST intervals, with a rate of 75 and normal rhythm. The 
electrocardiologist concluded that there was ‘‘no definite evidence of myocardial 
damage.’’ <A roentgenogram of the chest was interpreted by Dr. J. F. Huffman 
as follows: ‘‘The thyroid is greatly enlarged in the neck and extends downward 
substernally with its lower border overlying the heart, making it actually, as well 
as apparently, wider in the transverse diameter. The trachea is displaced forward 
in the neck and to the left substernally. There are a few calcifications on the left 
side of the gland in the neck.’’ 

On Jan. 12, 1938, a partial thyroidectomy, through the usual Kocher incision, was 
done by Dr. Harry Benteen and Dr. Leon Goldman. The portion of gland removed 
weighed 436 gm. The pathologic diagnosis by Dr. E. I. Bartlett was ‘‘thyroid 
adenomata.’’ There was considerable hemorrhage during the thyroidectomy, and 
the patient showed signs of shock, but she was in fair condition when she was 
returned to the ward. At 10 P.M., on January 12, she received a transfusion of 
600 ¢.c. of citrated blood. At 11 P.M., the respirations became labored, there was 
laryngeal stridor, and she was restless and cyanotic. Some skin clips were removed 
and several large blood clots evacuated. She died a few minutes later. 


Intrathoracic Goiter Heart 


Fig. 3.—The thoracic viscera, showing relative sizes of the heart and intrathoracic 
goiter. The goiter has been cut across its upper portion. The organs have been placed 
as nearly as possible in the position in which they were seen when the chest cavity 
was opened. 

The post-mortem examination was done fourteen and one-half hours after death 
by Dr. Nathan Rudo. The right side of the neck was found to contain little thyroid 
tissue, but was full of blood clots which, if liquid, would have amounted to 400 
to 500 e.c. The left side of the neck showed less evidence of hemorrhage. It con- 
tained a large thyroid adenoma measuring approximately 10 by 9 by 7 cm. In the 
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right side of the mediastinum, another large, encapsulated adenoma, measuring 
10 by 10 by 8 em., hung from a pedicle with its tip touching the diaphragm. This 
mediastinal part of the thyroid was covered by a portion of the pleura, which formed 
part of the pedicle itself. There were no adhesions between this adenoma and the 
pericardium, but the two were seen to be in apposition when the chest was opened. 
The adenoma appeared to be about one-third again as large as the heart, and dis- 
placed that organ to the left. The parenchyma of the right lung was compressed 
and the alveoli were collapsed. The alveoli of the left lung were filled with precipi- 
tated serum. The gall bladder was normal. 

On microscopic examination, some of the muscle bundles of the heart were seen 
to be large and fragmented and showed cross striation poorly; there was apparently 
some edema of the interstitial tissue. There was slight to moderate atherosclerotic 
degeneration of the aorta. The thyroid contained both large and small acini full 
of dark-staining colloid. The acini were lined with low cuboidal epithelium. The 
capsules of the thyroid adenomas consisted of dense fibrous tissue with calcificaton 
beginning in some areas. 

DISCUSSION 

Preoperatively, there was some doubt as to the diagnosis. Most of the 
roentgenologists thought that the heart was enlarged and that the thy- 
roid extended only to the arch of the aorta. Lateral roentgenograms 
of the chest did not help in the diagnosis, and unfortunately no fluoro- 
scopie examination was done, although this is a routine procedure in 
examining patients with goiters. In retrospect, this would have made 
possible an accurate clinical diagnosis. 

It seemed impossible that the heart could be greatly enlarged when 
the electrocardiogram was so nearly normal. At the post-mortem ex- 
amination the heart was found to be relatively normal in size, and the 
apparent enlargement of the cardiac shadow proved to be produced by 
the intrathoracic goiter. It is very unlikely that the degree of right 
ventricular hypertrophy indicated by the roentgenogram of the chest 
could have occurred without evidence of right axis deviation in the 
electrocardiogram and without electrocardiographie signs of myocardial 
damage. 

Had we thought that the right lobe of the thyroid extended so low 
in the chest, the surgical approach would have been made by splitting the 
sternum. Only in this way would it have been possible to control the 
hemorrhage which ultimately caused the patient’s death. 

The mechanism of extension of the substernal adenoma was probably 
the growth of the gland in the plane of least resistance. The superior 
thoracic cavity was filled with goiter, and further growth was easier 
downward into the mediastinum. The fact that the pedicle of the 
thoracie goiter was connected directly with the goiter in the neck pre- 
cludes the assumption that it arose from aberrant thyroid tissue in the 
mediastinum. 
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ARTERIAL OCCLUSION IN THE LEFT UPPER EXTREMITY OF 
A MONGOLOID IDIOT WITH CONGENITAL HEART 
DISEASE (TETRALOGY OF FALLOT) 


I. J. Wour, M.D., anp Sanpor A. Levinsoun, M.D. 
Paterson, N. J. 


HE condition described herein is so unusual that it merits report. 

A mongoloid idiot with congenital heart disease (tetralogy of 
Fallot), who came to autopsy, showed a thrombus of the ductus arteriosus 
extending into the aorta, and the left common carotid, subelavian, 
axillary, and brachial arteries. Maude E. Abbott' says that ‘‘thrombosis 
in the patent ductus is a well-recognized condition, but the combination 
of a thrombosed ductus extending into the subelavian with or without 
congenital heart disease has not, as far as I know, been reported at all. 
Most of the cases of thrombosis have been reported under the title ‘so- 
called aneurysm of the ductus Botalli.’’’ Abbott? states further that 
condition is chiefly of pathological interest, although its occasional 
rupture, and also the risk of embolism from the thrombus, increases its 
clinical significance. All the cases recorded are in infants, excepting 
that by Hebb.’’ 

REPORT OF CASE 


A male infant of Italian parentage, three weeks old, was admitted to the Barnert 
Memorial Hospital Feb. 1, 1937. One day before admission it was noticed that the 
left upper extremity was pale and weak. The infant had been cyanotic from birth, 
refused to nurse, and progressively lost weight. For one week following birth the 
urine was red in color. Three siblings were alive and well, and one other child died 
at the age of two years with edema of the extremities. 

Physical examination revealed a typical mongoloid idiot (Fig. 1), with generalized 
cyanosis which became more intense on crying. The infant was dehydrated and 
weighed 7 pounds. The temperature was 96° F. A profuse purulent discharge came 
from both eyes. The palms and soles were beefy-red and edematous. The left hand 
lay flaccid, and the baby, when stimulated, could move its left arm only at the 
shoulder. The pallor of the extremity was more or less sharply demarcated at the 
junction of the upper and middle thirds of the arm. The finger tips of the left hand 
were more cyanotic than those of the right. No pulse could be felt at the wrist 
or elbow. Examination of the heart showed a fairly loud systolic murmur, trans- 
mitted downward along the left margin of the sternum and best heard over the 
third intercostal space near the pulmonic area. The pulmonic second sound was 
accentuated. No thrill was palpable. The diagnosis was mongoloid idiocy, con- 
genital heart disease, and arterial occlusion of the vessels of the left arm. 

Laboratory Findings——On Feb. 5, 1937, the hemoglobin was 126 per cent; the 
erythrocyte count 6,410,000; and the color index 0.98; no changes in the red blood 
cells were seen. The leucocytes totalled 15,150, with 68 per cent neutrophiles, 50 per 
cent lymphocytes, and 2 per cent iarge mononuclear and transitional cells. The blood 
Wassermann reaction was negative. The urine showed a specific gravity of 1.017, a 
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trace of albumin, a few epithelial cells, a few leucocytes, and an occasional granular 
east. A smear from the left eye showed Gram-positive bacilli, but no cocci or pus 
cells. A smear from the right eye showed a moderate amount of polynuclear leuco- 
eytes and Gram-positive bacilli. A roentgenogram of the heart was reported as 
showing nothing abnormal (Fig. 2). 


< 


Fig. 1—Note mongoloid facies and flaccid and shrunken left upper extremity. 


Fig. 2.—Roentgenogram of heart. 


Course-—The dehydration on admission was relieved by hypodermoclyses of a 5 
per cent solution of glucose in saline. Caffeine citrate, in doses of 1 grain, was 
given by mouth every four hours. Oxygen was administered through a nasal 
catheter. The general cyanosis persisted; the left extremity remained pale; the 
infant slept a great deal. 
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Each day the left hand became more shrunken, until, on Feb. 5, the terminal 
phalanges were mummified. Two days later the whole left hand was the seat of dry 
gangrene. A band of ecchymosis surrounded the left arm at the junction of the 
upper and middle thirds. During this time the infant’s general condition remained 
surprisingly good. His purulent conjunctivitis improved, and he took his feedings 
fairly well, although his weight fell from 7 pounds to 6 pounds 5 ounces. 

The temperature, which rose from 96° F. on admission to 101° F. on the fourth 
day, varied between this and normal until the eighth day, when it rose to 106° F. 
The following day it fell to 97° F., just before the infant expired. The pulse rate 
was 120 on admission, and fell and rose with the temperature. It ranged from 110 to 
180. The respiratory rate ranged from 30 to 50. On February 9, the infant’s 
cyanosis increased, his breathing became stertorous, and he died on Feb, 10, 1937. 

Autopsy Report (Dr. Hans Wassing).—Post-mortem examination showed a 
cyanotic, emaciated infant with mongoloid features. There was a dry gangrene of the 
fingers of the left hand, and an early gangrene of the extremity as a whole. On 
opening the thoracic cavity there was an enormous venous congestion of the large 
vessels of the neck. The internal organs were markedly cyanotic. The lungs showed 
marked hypostatic congestion. Otherwise, there were no outstanding lesions in the 
internal organs except the heart. The skull was not opened. The heart showed 
a defect of the membranous portion of the interventricular septum. The aorta arose 
from both ventricles. The pulmonary valve was narrow and had two cusps; the pul- 
monary artery was narrowed. The ductus arteriosus and foramen ovale were both 
patent. In the upper part of the ductus there was a thrombus which extended into 
the ascending aorta, and the left common carotid, left subclavian, axillary, and 
brachial arteries. 

SUMMARY 


The case of a mongoloid infant with congenital heart disease (tetral- 
ogy of Fallot) is reported because of the development of an unusual 
complication, namely, a thrombosis involving the patent ductus 
arteriosus, the ascending aorta, the left common carotid artery, and the 
left subclavian, axillary, and brachial arteries. No similar condition, 
excepting thrombosis of the ductus Botalli, has been reported in the 
literature. 
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Lindner, E., and Katz, L. N.: The Relative Conductivity of the Tissues in Contact 
With the Heart. Am. J. Physiol. 125: 625, 1939. 


Observations were made on sixteen nembutalized dogs in studying the effects of 
insulation of various regions around the heart on the voltage of the QRS of the 
standard limb-lead electrocardiograms. All animals were breathing normally with 
chests closed at the time records were taken. The following were the results ob- 
tained: 

‘*Mock’’ operation had no appreciable effect on the strength of the peripheral 
electrical field of the heart. 

Insulation between the lungs and the lateral surfaces of the heart produced no 
apparent change. 

Insulation of the heart from the posterior muscle mass resulted in an approxi- 
mate reduction of voltage of 34 per cent. 

Insulation of the heart from the anterior chest wall reduced the voltage by 14 
per cent. 

Insulation of the heart from the diaphragm decreased the voltage by 25 per 
cent. 

Ligation close to the heart of all the vessels of the larger circuit (except the 
coronary circuit) reduced the voltage by 10 per cent, while separating the cut 
ends of these vessels reduced the voltage 40 per cent. 

By elimination of the other surfaces, therefore, the region immediately 
cephalad to the base of the heart carries roughly 27 per cent of the current 
generated by the heart to the body. 

It is suggested that the heart itself, because of the absence of any effect 
on the electrocardiogram save that of decrease in voltage, must be an excellent 


eonductor. 
AUTHORS. 


Andrus, E. Cowles, and Wilcox, Herbert B., Jr.: The Effects of Anaphylaxis, and 
of Histamine, Upon the Coronary Arteries in the Isolated Heart. J. Exper. 
Med. 69: 545, 1939. 


Anaphylaxis in the isolated, perfused hearts of cats has been shown to be 
accompanied by a considerable, though transient, increase in coronary flow. This 
result is contrasted with that observed in the hearts of guinea pigs and rabbits 
in which the coronary arteries are constricted during anaphylaxis. Attention 
is directed to the fact that, in the hearts of these three species, the effects of 
anaphylaxis and of histamine are qualitatively parallel. 

The characteristic anaphylactic response in the isolated hearts of guinea pigs 
has been evoked: (a) in the organs removed from immune animals, (b) by each 
of two antigens (horse serum and egg albumen) under conditions of double 
sensitization, and (c) upon exposure of the hearts of passively sensitized animals 
to the type-specific polysaccharide of the pneumococcus. 

It is evident that, among the effects of anaphylaxis upon smooth muscle in 


various organs, there must be considered that upon the coronary arteries. 
AUTHORS. 
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Mainzer, F., and Krause, M.: The Electrocardiogram of the Dog After Phlorrhizin 
Poisoning. Cardiologia 2: 129, 1938. 


Phlorrhizin which inhibits phosphorylation causes an increase in QRS with 
splintering and inconstant S-T and T changes. These changes are not related to 
glycosuria and persist after glycosuria has passed off. They appear within a 
few hours and are not due to left ventricular hypertrophy which follows chronic 
poisoning. The changes are reversible. The changes are attributed to a disturb- 


ance in carbohydrate metabolism. They resemble changes in beri beri. 
Karz. 


Rothberger, C. J., and Sachs, A.: Is There a Positive Inotropic Action of Cholin 
Derivates on Auricular Strips From Warm-Blooded Animals? Cardiologia 2: 
71, 1938. 


On occasion, instead of a negative, a positive, inotropic effect on these auricular 
strips was found. This occurs only with very small doses of acetylcholine or its 
derivatives. This positive effect is reversible on washing and is abolished by atropine. 

KATZ. 


Zothe, H.: The Action of Strophanthin in Peripheral Circulatory Disturbances. 
Ztschr. f. Kreislaufforsch. 30: 889, 1938. 


Strophanthin, in therapeutic doses intravenously, leads to an improvement of 
the depressed muscular contraction caused by peripheral circulatory disturbances. 
This improvement is attributed to an improved O, utilization, not caused by im- 
provement in flow but by increased avidity of the tissue for O,. This suggests a new 


therapeutic use of strophanthin. 
KAtTz. 


Deppe, B., and Diefenhardt, H. H.: The Resemblance in Man of Circulatory 
Readjustment During Exercise to That Following Adrenaline Intravenously. 
Ztschr. f. Kreislaufforsch. 31: 1, 1939. 


Utilizing data concerning the duration of systole, diastole, and cycle, together 
with that on pulse wave velocity, systolic, diastolic, and pulse pressure, and the 
data on the effective cross section of the elastic reservoir (Suter’s tables), they 
have calculated heart stroke volume, volume elasticity, and peripheral resistance 
of the circulatory system. 

A remarkable resemblance in the character of the response of these determined 
and calculated variables was found to exist between exercise and adrenaline action. 
The pattern of the two shows the same individual variation amongst the subjects 


studied. 
KATz. 


Puddu, V.: Electrocardiographic Alterations After Effort in Normals and Patients 
With Angina Pectoris, With Special References to the Chest Lead. Cardiologia 
2: 183, 1938. 


Ten normal and fourteen angina patients were studied. Only slight changes 
were noted following exercise in the normal subject; especially common was the 
fact that S-T may become depressed about 1 mm. 

In anginal patients, the electrocardiogram may remain unchanged, but usually 
S-T is depressed in the limb leads and the T wave in these leads may become 
diphasic or inverted. In the chest lead (new terminology) S-T may become 
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noticeably depressed and T diphasic, inverted or small. In some, the electrocardio- 
gram comes to resemble curves in myocardial infarction. Sometimes changes oecur 


only in limb leads, and sometimes only in chest leads. 
Katz. 


Ayman, David, and Goldshine, Archie D.: The Breath-Holding Test. Arch. Int. 
Med. 63: 899, 1939. 


Holding the breath in quiet expiration, with the nose and mouth closed, for 
twenty seconds is a simple standard stimulus of blood pressure. Hypertension 
and hyporeactors can be determined by this method. The test is simpler and 


furnishes a somewhat greater stimulus than the cold pressor test. 
AUTHORS. 


Thomson, W. A. R.: Potassium and the T Wave of the Electrocardiogram. The 
Lancet 1: 808, 1939. 


A ease of Addison’s disease is reported in which a fall in the level of the serum 
potassium was accompanied by a diminution in the height of the T wave in the 
electrocardiogram. 

Five other cases are described in which a rise in the level of the serum potassium 
was accompanied by an increase in the amplitude of the T wave, followed in some of 
them by a decrease in the amplitude of the T wave when the level of the serum 
potassium fell again. 

It is suggested that there is a correlation between the concentration of the serum 


potassium and the height of the T wave. 
AUTHOR. 


Laubry, Charles, Soulie, P., and Laubry, P.: Diagnostic Value of a Triphasic 
Rapid Wave in Angina Pectoris and Coronary Syndrome. Arch. d. mal. du. 
coeur. 32: 337, 1939. 


Triphasic QRS, of any type, should be systematically examined, not only in 
Lead III, but also in the other leads (including chest leads). Triphasic QRS oc- 
curred fifty-one times in 2,000 tracings. 

Coronary occlusion.—Fifteen of the fifty-one patients had coronary occlusions. 
Amongst a sample of ninety patients with coronary occlusion, 12 per cent had 
triphasic QRS. Triphasic QRS was often associated with other evidence of coronary 
occlusion. In the fifteen cases, in contradistinction to the other forms of heart dis- 
ease, the triphasic QRS was seen in one lead only, though this might be any lead. 
Triphasic QRS, was often associated with the presence of Q,. When absent in the 
standard leads, it might occur in the chest lead. When the QRS had become triphasic 
from acute coronary occlusion, the triphasic quality tended to disappear during the 
follow-up period. 

Angina pectoris.—Thirteen of the fifty-one patients had angina pectoris. In this 
group the QRS was often triphasic in several leads of the same tracing. If this 
occurred in Leads I and III, the R waves usually pointed away from each other. Once 
the complexes were triphasic in all three standard leads. 

Fourteen patients had other forms of organic heart disease (hypertension, aortitis, 
cor senile). Thus, 82 per cent of the patients with triphasic QRS complexes had 
other evidence of organic degenerative heart disease. This finding is in keeping 
with the general experience of the literature. 

Four others had valvular heart disease. In only five cases (10 per cent) was there 


no evidence of organic heart disease. 
JENSEN. 
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Schlomka, G., and Neuking, P.: Studies of Sinus Arrhythmia. X. In Patients 
With Labile Circulation. Ztschr. f. Kreislaufforsch. 30: 804, 1938. 


Sinus arrhythmia was present in these patients, and this was prominent even in 
those with the faster resting heart rates. The practical value of sinus arrhythmia 
in evaluating the state of the heart is apparent. 

KATz. 


Herles, F., Lukl, P., Prusik, B., and Sikl, H.: Location of Bundle Branch Block. 
Cardiologia 2: 1, 1938. 


A detailed report of three cases of left bundle branch block with autopsy check 
is presented. In one the right bundle branch was found intact. The electro- 
cardiograms in all were of the common type. 

KATz. 


Lian, C., and Pinchenzon, B.: Auricular Tremulation. Cardiologia 2: 56, 1938. 


A lead connecting the manubrium to the fifth intercostal space parasternally 
was found useful for studying auricular waves. The authors refer to a state 
intermediary between flutter and fibrillation which they call tremulation. This can 
be recognized only in the precordial lead described. This is distinguished by 
regularity in the auricular wave but with some variation. Digitalis in large doses 
converts tremulation to fibrillation. 

KATz. 


Hadorn, W., and Frey, W.: The Strophanthin Electrocardiogram. Cardiologia 2: 
87, 1938. 


Typical digitalis deformities following strophanthin in therapeutic doses were 
found in two cases. Similar changes were noted in rabbits. Glucose given simul- 
taneously had no effect on the action of strophanthin, nor did atropin have any in- 


fluence. 
KATz. 


Ewert, B., and Kallos, P.: Electrocardiographic Studies in Experimentally Pro- 
duced Asthma in Guinea Pigs. Cardiologia 2: 147, 1938. 


Asthma attacks were produced in sensitized guinea pigs by inhalation of 
atomized antigens. Inhalation of finely divided histamine or acetylcholine solu- 
tions also produces asthma in healthy non-sensitized guinea pigs. The anatomical 
findings in this latter group differ from the former. During the allergic and drug 
asthmas, electrocardiographic changes are seen including T wave alterations, dis- 
turbances of rhythm and conduction, and typical changes such as seen in myo- 
cardial infarction. These quickly return to normal after the attack. Histo- 
logically, no myocardial abnormalities are found. The electrocardiographic changes 
are therefore attributed to coronary spasm. 

Katz. 


Hegglen, R.: Systole in Insulin Shock and Diabetic Coma. Cardiologia 2: 170, 
1938. 
In diabetic coma, in insulin shock, and following large doses of insulin in the 
treatment of the former conditions, electrical systole is lengthened and mechanical 
systole shortened. This demonstrates that electrical and mechanical events in the 


heart are not synchronous. 
Katz. 
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Lepeschkin, E. W.: The Electrocardiogram in Experimental Coronary Insufficiency, 
Hemorrhage, and Reinfusion. Cardiologia 2: 236, 1938. 

Following hemorrhage the heart 

Then ectopic beats 

Often there is 


Experiments were done on thirty-two dogs. 
speeds up, then slows, and then stops because of S-A block. 
oceur, and sinus rhythm becomes re-established with A-V block. 
ventricular fibrillation. At first the relative duration of electrical systole is in- 
creased but later decreased. Before A-V block develops the P-R is shortened. 
QRS is first shortened and later prolonged. Monophasic-like QRST complexes ap- 
pear in severe stages. 


Transfusion of the dog’s own blood may reverse these processes. 
Katz. 


Wullenweber, G.: Angina Pectoris Caused by Hematomyelia. Ztschr. f. Kreislauf- 
forsch. 31: 16, 1939. 


A case report of traumatic hematomyelia in a 26-year-old male who developed 
precordial pain on exertion a year after injury is presented. There was no evidence 
of heart disease, and nitroglycerine was without effect. The spinal cord injury in- 
volved C6 to T3. The case illustrates the importance of nerve pathways in the 


genesis of angina. 
Katz. 


Blahd, Margery, Frank, Ira, and Saphir, Otto: Experimental Endocarditis in 

Dogs. Arch. Path. 27: 424, 1939. 

Endocarditis was produced in 40 per cent of twenty-five dogs by simply inject- 
ing intravenously hemolytic streptococci isolated from a dog. In four dogs endo- 
carditis was produced with a single injection. It is suggested that the use of a 
virulent strain isolated from the same species contributed to the positive results. 
It is concluded that numerous factors may be involved in the development of 
However, the presence of these several factors is not essential, 


endocarditis. 
for virulent organisms, per se, may cause acute bacterial endocarditis in a previ- 


ously healthy animal. 
AUTHORS. 


Welty, J. W.: A Necropsy Survey of Cardiovascular Syphilis With Particular 
Reference to Its Decreasing Incidence. Am. J. M. Se. 197: 782, 1939. 


Syphilitie cardiovascular disease was encountered in 6.93 per cent of 15,000 
autopsies at the Philadelphia General Hospital. The incidence of syphilitic aortic 
regurgitation was 1.44 per cent and of syphilitic aneurysm 1.28 per cent. 

Statistical data concerning sex, color, and age are given. 

Syphilitic cardiovascular diseases, in all forms and as a cause of death, show 
a definitely decreasing incidence during the 10-year period, 1927 to 1937. 

It is believed that the decreasing incidence may be explained by modern 


methods of therapy. 
AUTHOR. 


Zweifach, Benjamin William: The Character and Distribution of the Blood 

Capillaries. Anat. Record. 73: 475, 1939. 

Studies on living blood capillaries in the frog and mouse by a micromanipulative 
technique reveal the presence of two types of capillaries. The architecture of the 
capillary system is such that the two types map out characteristic anatomical units, 
the arrangement of which is an important factor for the regulation of the local 


distribution of blood. 
One type of capillary, containing muscular elements, is a direct extension of the 


arteriole and continues through to the venule. This capillary has been designated 
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the arteriolo-venular or a-v bridge. This capillary conveys an active flow of blood, 
even when the tissues are in a resting or anemic state. The other type of capillary 
is purely endothelial and is termed ‘‘non-muscular or a true capillary’’ and is an 
offshoot from the a-v capillary. A number of true capillaries are present in each 
capillary system. Only one a-v bridge is present in each such unit. 

Functionally, under resting conditions blood is flowing only through the a-v 
bridge. With increased venous congestion the side pathways or true capillaries 
are opened, and the flow is redistributed. With return to basal conditions the true 
capillaries either collapse or are simply devoid of circulating blood, only the a-v 


bridges containing a continuous flow. 
NAIDE. 


Williams, J. R., Jr., Harrison, T. R., and Grollman, A.: A Simple Method for 
Determining the Systolic Blood Pressure of the Unanesthetized Rat. J. Clin. 
Investigation 18: 373, 1939. 


A method is described for measuring the systolic blood pressure in the tail of 
the intact unanesthetized rat, which when modified as to size, is suitable for use 


on other animals. 
AUTHORS. 


Houssay, B. A., Fasciolo, J. C., and Taquini, A. C.: Mechanism of Arterial Hyper- 
tension of Renal Origin. Rev. argent. de cardiol. 5: 291, 1939. 


The ischemic kidney secretes a vasoconstrictor substance which causes a perma- 
nent hypertension. This substance is easily demonstrable; 1) because it exists 
in the blood of the renal vein; 2) because an ischemic kidney from a hypertensive 
dog grafted in the neck of a recently nephrectomized dog causes, in a few minutes, 
a rise in the arterial pressure of the latter. 

This substance has a constrictor action on the perfused vascular systems of both 
the toad and the dog. The normal kidney does not produce such a substance for its 
venous blood has no constrictor effect, and, if grafted, it does not alter the blood 
pressure of the receptor. 

The vasoconstrictor substance has its origin in the kidney and produces its blood 
pressure raising effect independently of the adrenals, for the graft of an ischemic 
kidney raises the blood pressure of a recently adrenalectomized dog. Various authors 
have observed that adrenal insufficiency causes a fall in the blood pressure of a dog 
made hypertensive by renal ischemia, but it is not yet clear if this is due to the in- 
ability of the kidney to produce the hypertensive substance, or to the non-reactivity 
of the vascular system to this substance. 

Healthy renal tissue protects in a way still unknown from the hypertensive action 
of the ischemic kidney. This hypertensive action is not affected by renal denervation 
or by resection of large portions of the vasomotor nervous system. Hypertension 
is independent from uremia. 

After complete renal ischemia, a vasoconstrictor substance also appears for, 1) 
when the circulation through the kidney is re-established, the blood pressure rises im- 
mediately. 2) the renal venous blood has a vasoconstrictor effect and, 3) the graft 
of this kidney in the neck of a normal dog produces a rapid rise of blood pressure. 
It is still unknown if the vasoconstrictor substance of the completely ischemic 
kidney, which may be considered as dead, is similar to that of the ischemic kidney 
which lives and functions continually during several months. 

It is necessary to find sure and sensitive methods which would enable us to find 
the vasoconstrictor substance of renal origin in the peripheral blood of hypertensive 


subjects. 
AUTHORS. 
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Bisgard, J. Dewey: Relation of Hyperthyroidism to Hypertension. Arch. Int. 

Med. 63: 497, 1939. 

As a physiologic response to hyperthyroidism, the systolic blood pressure is 
usually slightly or moderately elevated. It recedes to the normal level with relief 
of hyperthyroidism. 

In a series of 265 cases studied, hyperthyroidism was associated with true 
essential hypertension in approximately 8 per cent and with elevations of the 
systolic pressure above the physiologic level (above 150 mm. of mercury) in 30 
per cent. On the basis of changes of blood pressure following relief of hyper- 
thyroidism, two types of cases are discernible: (1) cases with fixed or established 
essential hypertension, in which the blood pressure and the course of the vascular 
disease are not significantly influenced by relief of hyperthyroidism and, (2) 
eases with latent or labile essential hypertension, in which the blood pressure 
shows considerable reduction after relief of hyperthyroidism or approaches a 
normal level and maintains this level for a long period. In some cases of the 
second type the pressure is observed subsequently to ascend. In these cases there 
is excessive response in blood pressure to exercise and to the cold pressor test of 
Hines and Brown. It is suggested that the relation of hyperthyroidism to hyper- 
tension in these cases is provocative, that hyperthyroidism merely precipitates 
or exaggerates hypertension which is latent. 

It is further suggested that in both types there is arteriolar disease, differing 
only in degree. In the first type the disease is more advanced, rendering the 
vascular bed inadequate for even a normal volume of blood flow. In the second 
type the disease may be designated as pretensive hypertension, which progresses 
to the condition of the first type with the advance of time. 

AUTHOR. 


Goldblatt, Harry, Kahn, Joseph R., and Hanzal, Ramon F.: Studies on Experi- 
mental Hypertension. The Effect on Blood Pressure of Constriction of the Ab- 
dominal Aorta Above and Below the Site of Origin of Both Main Renal 
Arteries. J. Exper. Med. 69: 649, 1939. 

Constriction of the abdominal aorta just above the site of origin of both main 
renal arteries has little or no immediate effect on the blood pressure above the 
site of the clamp (carotid, systolic, or mean pressure), but in about twenty-four hours, 
hypertension develops. Below the site of the clamp, the immediate effect is the lower- 
ing of the femoral mean pressures. As the carotid systolic pressure becomes elevated, 
the femoral mean pressure also begins to rise and, in some animals, eventually reaches 
a level higher than normal, despite great constriction or even occlusion of the 
abdominal aorta. 

Constriction of the aorta just below the origin of both main renal arteries has 
no significant effect on the blood pressure (carotid, systolic, or mean pressure) above 
the site of the clamp. Below the site of the clamp, the blood pressure falls and 
tends to remain down, or at most returns to the preoperative level. 

The uremic, convulsive (malignant or eclamptic) phase of hypertension, with renal 
excretory insufficiency and degenerative, necrotizing, and inflammatory arteriolar 
lesions in many organs, has been produced by suddenly constricting to a great 
degree the abdominal aorta just above the origin of both main renal arteries. The 
presence of renal excretory insufficiency in the animals that develop hypertension 
is directly dependent upon the degree of constriction of the abdominal aorta, and 
especially the rapidity with which it is produced. 

Hypertension following the constriction of the abdominal aorta just above the 
origin of both main renal arteries, whether or not accompanied by renal excretory 


insufficiency, is of renal origin. 
AUTHORS. 
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Plenczner, A.: Comparison of Hypertension in Athletes and Non-Athletes. 
Ztsehr. f. Kreislaufforsch. 30: 793, 1938. 


The frequency and appearance of hypertension is similar in the two groups. 
The development of sinus bradycardia and increasing vital capacity with training 


oecurs in both. 
KATz. 


Harrison, C. V.: The Effect of Sympathectomy on the Development of Experi- 
mental Arterial Disease. J. Path. and Bact. 48: 353, 1939. 


To test the effect of relaxation of the vessel wall on the development of experi- 
mental arterial disease, a series of rabbits were subjected to unilateral lumbar 
sympathectomy and subsequently fed with large doses of cholesterol in oil. A control 
group received similar cholesterol treatment but no operative interference. The 
vascular lesions on the sympathectomized side were more severe than on the opposite 
side. In the control animals there was no significant difference between the two 
sides. These results were confirmed by chemical estimation of the cholesterol 
in the excised vessels. It is concluded that sympathetic paralysis enhances the 
effect of cholesterol in producing vascular lesions. This experiment lends support 
to the hypothesis that atheroma is in part due to weakness of the underlying 


media. 
NAIDE. 


Bouvrain, Yves: Contribution to the Study of the Respiration of Cardiacs. 
Monograph, Louis Arnette, Paris, 1938. 


This is a doctor’s thesis written under the direction of Professor Laubry. After 
having discussed in detail the literature on the subject, she reports 107 experi- 
ments on the effect of effort on the oxygen consumption in health and in cardiac 
disease. The average results are tabulated as follows: 


vUN ay RATE DURING RATE DURING 


EFFORT ING EFFORT 
20 Controls + 2.15 +16.20 + 2.50 
11 Various forms of heart + 9.00 +17.10 + 5.00 
disease compensated 
19 Various forms of heart 25.90 +41.30 + 8.60 
disease decompensated 
17 Hypertension com- +21.60 +26.00 + 5.06 
pensated 
12 Hypertension decom- +25.70 +41.80 +11.00 
pensated 
21 Mitral heart disease + 3.60 +22.00 + 4.50 
compensated 
11 Mitral heart disease, + 1.80 +58.00 +19.50 


pulmonary symp- 
toms only 
16 Mitral heart disease, +10.90 +30.60 +11.90 
decompensated 


The effort tolerance test consisted in the two steps designed by Master and was 
modified according to his directions to fit individual eases. The average values, 
though no doubt significant, are impaired by a rather large scatter of the findings. 

The basal metabolic rate among the patients with various forms of compensated 
heart disease was somewhat higher than among the controls, but oxygen consumption 
after effort was about the same. The average basal metabolic rate of a similar 
group with decompensated heart disease was much higher, though it included 
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patients with normal or even low basal metabolic rates. The increase bore no 
certain relation to the degree of failure. The oxygen consumption following 
effort was markedly increased. The highest oxygen consumption after effort oc- 
curred in the patients with the highest basal metabolic rate, though this was not 
an absolute rule. 

Among patients with compensated hypertension the average basal metabolic rate 
was increased, though it was normal in some cases. The group included no cases 
of clinical hyperthyroidism. The hypertensive patients with high basal metabolic 
rates differed in no other way from the others. The oxygen consumption was 
increased after effort, but the increase bore no fixed relation to the basal metabolic 
rate. The patients with decompensated hypertension behaved practically like the 
patients with various forms of decompensated heart disease. 

One patient with advanced hypertension had paradoxical findings: 

His basal metabolic rate was +79, but following effort the rate of oxygen 
consumption fell to -30 for both periods of observation. Unfortunately the test 
was not repeated for the patient died two days later from a coronary infarct. The 
author thought that the hyperpnea following effort had been so severe as to 
prevent adequate gas exchange. 

The findings among patients with compensated mitral heart disease were almost 
normal, A group with pulmonary symptoms had the lowest average basal 
metabolic rate of any group, but by far the highest oxygen consumption after 
effort. The author attempts to explain this by the mechanical obstruction to the 
blood flow caused by the stenosis, which during effort prevents a sufficient increase 
to meet the increased oxygen requirements. In decompensated mitral disease both 
the basal metabolic rate and the oxygen consumption after effort were increased. 

The blood velocity was measured by the ether and by the saccharin methods, but 
proved of little value. In several cases with mitral disease and pulmonary em- 
barrassment, the results were normal, only once was the time markedly prolonged. 
The circulation rate was not affected by the state of the pulmonary circulation, 
but rather by general decompensation. 

As there is no definite relation between the degree of increase in oxygen con- 
sumption and degree of heart failure, the practical value of the test is limited. 
Even in the presence of marked heart failure, may the oxygen consumption be 


normal, 
JENSEN. 


McGuire, Johnson, Shore, Rose, Hauenstein, Virgil, and Goldman, Fred: Influence 
of Exercise on Cardiac Output in Congestive Heart Failure. Arch. Int. Med. 
63: 469, 1939. 

The influence of similar measured exercise on the cardiac output of five normal 
subjects, four patients with compensated cardiac disease and five patients with 
cardiac decompensation has been determined. 

In the normal subjects a considerable increase in cardiac output with exercise 
eccurred, the average increase being 2.07 liters per minute. 

In ‘the patients with compensated cardiac disease the increase in cardiac output 
was moderate, the average increase being 1.21 liters per minute. 

In the patients with congestive heart failure the increase in cardiac output 
with exercise was small, the average increase being 0.75 liter per minute. 

These data suggest that in patients with severe cardiac decompensation under 
the conditions of these experiments the cardiac output is not increased with effort 
to the same degree as it is in normal persons and that relative inability to increase 
the cardiac output may have an important bearing on the pathogenesis of conges- 


tive heart failure. 
AUTHORS. 
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Day, Richard, and Klingman, Walter O.: The Effect of Sleep on Skin Temperature 
in a Case of Acrocyanosis. J. Clin. Investigation 18: 271, 1939. 


A case of acrocyanosis in a 64-year-old girl is described. In sleep, her hands 
and feet became warm and red; and under these conditions the hands responded 
in a parallel way with the rest of the body to warm and cold foot baths. Local 
cooling of the palm of the hand did not induce vasoconstriction when she was asleep. 
Microscopic observation of the capillaries at the base of the nails showed sluggish 
flow of blood and dilation of the venous side. These observations seem to support 
the contention of Lewis that in acrocyanosis the primary fault is vasoconstriction 
of the arterioles. However, the predominant influence of sleep over thermal influences 
on the condition of this patient’s hands points to abnormal vasomotor tone of 
central origin as the primary cause, rather than local sensitivity to cold such as was 
demonstrated in their cases by Lewis and by Pearse. Further evidence of sympathetic 
nervous system dysfunction was noted in a peculiar blotchiness of the skin during 
spells of anger. Spasm of the pylorus, which was demonstrated radiologically on 
one occasion, constituted a possible cause of her periodic episodes of vomiting, and 
presented further evidence of widespread sympathetic abnormality. 

AUTHORS. 


Smith, H. W., Rovenstine, E. A., Goldring, W., Chasis, H., and Ranges, H. A.: The 
Effects of Spinal Anesthesia on the Circulation in Normal, Unoperated Man 
With Reference to the Autonomy of the Arterioles, and Especially Those of 
the Renal Circulation. J. Clin. Investigation 18: 319, 1939. 


Twenty-one normal unoperated subjects have been observed before and during 
spinal anesthesia. In eighteen of these subjects sensory anesthesia was established 
up to T5, and in three subjects to above Tl. That the anterior roots or sympathetic 
rami have been effectively blocked has been demonstrated by the abolition of the 
typical reflex responses to hypercapnia, anoxemia, and gravity. 

Anesthesia to levels considerably above those at which the efferent sympathetic 
paths to the kidneys emerge from the cord does not produce renal hyperemia, nor 
does it have any other consistent effect upon the renal circulation. It is concluded 
that the tone of the renal arterioles is normally maintained by autonomous, in- 
trinsic activity of the peripheral vascular apparatus and is not dependent upon 
tonic activity of the central nervous system. 

Normal blood pressure may be maintained in normal, unoperated subjects with 
sensory anesthesia at spinal levels (T5 or higher) above those at which the highest 
vasoconstrictor fibers emerge to the splanchnic viscera and legs. In those instances 
in which the arterial pressure is reduced, the systolic pressure falls more than the 
diastolic, the latter being usually maintained at essentially normal levels. There 
is at no time the hemodynamic picture to be expected from arteriolar dilatation; 
rather the decrease in blood pressure is such as is to be expected in consequence 
of a decreased cardiac output in the face of an unchanged arteriolar bed. That the 
cardiac output is actually decreased is indicated by measurements available in the 
literature. This decreased cardiac output results from decreased stroke volume, the 
latter resulting from postarteriolar dilatation and decreased venous pressure. The 
postarteriolar dilatation can be explained in terms of dilatation of capillaries, venules, 
and veins in consequence of skeletal muscle paralysis, without positing tonic sym- 
pathetic activity to these circulatory channels. Possibly some further venous 
embarrassment is occasioned by paralysis of the abdominal and thoracie muscles, 
and, in some instances, by acute dilatation of the spleen. Dilatation of the arterioles 
of the skin, the only region for which there is indubitable evidence of sympathetic 
tonic activity in man, probably operates against the development of hypotension by 
contributing to the maintenance of venous pressure. 
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It is inferred that (like the renal arterioles) the arterioles of the other splanchnic 
viscera and probably the skeletal muscles possess sufficient autonomy to maintain 
a normal blood pressure after denervation, providing the method of denervation is 
not such as to precipitate severe circulatory disturbance. It is a corollary of this 
conclusion that there is normally negligible tonic activity in the sympathetic 
vasomotor paths. 

The peripheral vasomotor system in man under spinal anesthesia is highly resistant 
to hypercapnia and anoxemia, which precipitate circulatory collapse in the anes- 
thetized sympathectomized dog and cat and in the anesthetized cervical dog by 
dilating some as yet undetermined portion of the vascular bed. 

Evidence bearing on the tonic activity of the vasomotor system, as obtained from 
the sympathectomized dog and eat, the cervical dog, and the dog under spinal 
anesthesia, has been critically reviewed, and it has been pointed out that most of 
this evidence suffers from having been obtained from anesthetized animals, and 
reasons have been given for its inadequacy. 

It may be emphasized that our conclusion regarding the absence of important tonic 
activity in the sympathetic vasomotor paths to the arterioles generally, and to the 
kidneys especially, refers only to normal man in the resting, basal condition, and in 
the supine position. It remains to be determined to what extent sympathetic activity 
may be evoked by traumatic excitation, by assumption of the upright posture, by 
excitement, in hypertensive disease, etc. Investigation of these questions relative 


to the kidneys is now in progress. 
AUTHORS. 


Naide, Meyer: The Use of Vitamin B, in Rest Pain of Ischemic Origin. Am. 
J. M. Se. 197: 766, 1939. 


Vitamin B, was given intravenously in doses of 100 mg. to ten patients with 
ischemic neuritis or rest pain of ischemic origin. Seven obtained complete relief of 
pain; two patients obtained partial relief, and one failed to obtain any relief. 
Pain was relieved only as long as vitamin B, was administered parenterally. Main- 
tenance amounts of vitamin B, (20 to 100 mg. once or twice a week) were required 
to keep patients free from pain as long as the vascular condition remained unchanged. 

Gangrene, ulcers, and objective neurologic changes were not improved by vitamin 
B,. 

Vitamin B, does not supplant the usual methods of treating peripheral vascular 
disease but is worthy of clinical trial in patients with refractory pain. Measures 
designed to increase peripheral circulation should always be used in these patients. 

Vitamin B, was used intravenously in two patients with intermittent claudication 
and in normal individuals under conditions of experimental ischemia with equivocal 


results. 
AUTHOR. 


Master, Arthur M., Jaffe, Harry L., and Dack, Simon: The Drug Treatment of 
Angina Pectoris Due to Coronary Artery Disease. Am. J. M. Se. 197: 774, 1939. 


A study has been made of the effect of sixteen drugs, including a placebo, milk 
sugar, on angina pectoris due to coronary artery disease. The drugs included 
several xanthine derivatives, alcohol, sedatives such as phenobarbital, chloral, 
and bromides, the nitrites, a tissue extract, digitalis and two narcotics, codeine and 
dilaudid. 

No drug was found to exert any specific effect on the anginal syndrome, for the 
best results were obtained with a placebo, and the number of patients improved 
ranged between 15 and 30 per cent for all drugs. 
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No drug was consistently successful in a significant number of cases. Some 
patients were helped by all drugs, others by none. 

The beneficial effects attributed to many drugs in the past may be explained 
on the basis of insufficient consideration of the significance of the natural course 
of the anginal syndrome, and particularly, of psychologic factors, in determining 
the degree of pain. The mildness or severity of the anginal syndrome is often directly 
dependent on the emotional status of the patient at the time, regardless of the degree 
of coronary artery disease. 

It is concluded that drugs should play a minor role in the treatment of angina 
pectoris. Instead the importance of such measures as rest, dietary restriction, 
and minute attention to the mental and emotional status of the patient, is empha- 


sized. 
AUTHORS. 


Mulinos, Michael G., Shulman, Israel, and Mufson, Isidor: On the Treatment of 
Raynaud’s Disease With Papaverine Intravenously. Am. J. M. Sc. 197: 793, 
1939. 

The vascular status of the hands of five patients with Raynaud’s disease has 
been studied. 

Treatment with histamine iontophoresis to the hands and papaverine hydro- 
chloride intravenously in doses from 60 to 120 mg. three times a week has led to a) 
an objective increase in the vascular bed volume and the rate of blood inflow of the 
hand; b) a complete alleviation of the syncope, cyanosis, and pain from exposure 
to cold; ¢) the healing of trophic lesions when these were present. 

No addiction and little cerebral depression occurs from the papaverine, despite 


long continued treatment (6 to 8 months). 
AUTHORS. 


Kramer, David W.: Intermittent Venous Compression in the Treatment of Periph- 
eral Vascular Disorders. Am. J. M. Sc. 197: 808, 1939. 


Periodic venous compression is offered as another method in treatment of 
peripheral vascular disease. It is based on logical principles, and investigations 
have shown that it does produce a beneficial effect upon the circulation. 

A series of 103 patients were observed, totalling about 1,500 treatments. The 
usual run of vascular disorders were included, except the vasoneuroses and Raynaud’s 
disease groups. 

The results upon Buerger’s disease and diabetics were average, 66.6 per cent being 
benefited. The arteriosclerotic group was disappointing, favorable results being 
obtained in only 60 per cent. 

Phlebitis constituted the largest series, with thirty-three patients. Vasospasm 
was a common occurrence in these cases. The analysis showed that 72.8 per cent 
were favorably influenced. 

Collectively, seventy patients (68 per cent) of the 103 in the series were benefited. 
Because of its favorable influence upon various vascular disturbances and because 
of its broader application, we consider intermittent venous compression a de- 


sirable addition and adjunct in the treatment of peripheral vascular diseases. 
AUTHOR. 


Book Reviews 


THE CONTROL OF THE CIRCULATION OF THE BLoop: By R. J. 8. MeDowall, M.D., 
D.Se., Professor of Physiology, University of London, King’s College, with the 
assistance of G. E. Maleomson, M.D., Lieutenant-Colonel I. M. 8S. (Retired), 
and I. MeWhan. 610 pages, $22.50, 1939, Longmans, Green and Co. 


This book is a far more exhaustive review of the subject indicated in the title 
than anything previously available. One hundred thirteen of the 619 pages 
are occupied by the bibliography, and over 8,000 papers are mentioned. The sub- 
jects considered are control of blood vessels, vasodilator mechanisms, blood depots, 
the cerebral, pulmonary, coronary, cutaneous, hepatic, and renal circulations, cardiac 
reflexes, the adrenals, carbon dioxide and anoxemia, acid-base effects, asphyxia, 
changes of temperature, sleep, exercise, posture, hemorrhage, the pituitary, the 
cholines, atropine, and histamine. 

The book is a true review, i.e., it is not written to defend the author’s thesis, 
but rather to state the results which have been secured. If certain chapters leave 
the reader in a confused state of mind, the subject, not the reviewer, is to be 
blamed. 

An unusual and convenient feature is the tables which occur at intervals through 
the text, summarizing the available information. In this form data are presented 
on the cause of constriction and dilator fibers; methods by which a reflex rise 
of blood pressure may be produced; drugs and situations effecting the secretion 
of adrenalin; and the effects of the carotid sinus reflex. 

Nothing in the book is of immediate value to practitioners of medicine. Its 
place is in the general library, where experts working on some aspect of the 
cireulation will consult it to find what has been done and secure the references 
to the papers which must be read. To such persons the book will perform a 
valuable service. The cost, $22.50, will keep it out of most private libraries. 

ISAAC STARR. 


ReGIstRO E INTERPRETACION DE LA ACTIVIDAD CARDiACA: By Osear Orias, Pro- 
fesor de Fisiologia de la Facultad de Ciencias Médicas de Cérdoba (Repiblica 
Argentina). Tercera Edicién. Libreria y Editorial ‘‘E] Ateneo.’’ Buenos Aires, 
199 pages, 81 illustration, 1939. 


The lack of a monograph in Spanish dealing with the recording and interpretation 
of the activity of the heart has prompted the author to write this volume. He 
studies, in separate chapters, the theory of the recording manometer, the variations 
of intraventricular pressure, the volume of the heart and its variations, the dynamics 
of several abnormal types of contraction, heart sounds and their registration, the 
apex beat, the coronary circulation, the arterial pulse, the venous pulse, the phases 
of the cardiac cycle, the technique of electrocardiography, and the electrocardio- 
gram. 

The author has succeeded well in his aim. Each chapter is complete and accu- 
The illustrations, nearly all his own, have been obtained with excellent 


rate. 
The bibliography is brief and is limited to the 


technique and are illuminating. 
essential contributions. The book is intended chiefly for the student, but should 
be helpful to acquaint physicians familiar with cardiology with the physiology 


and physiopathology of the circulation. 
ALBERTO C, TAQUINI. 
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On .ELECTROCARDIOGRAPHIC CHANGES IN HEALTH AND DISEASE DURING EXPERI- 
MENTAL ANOXEMIA: By Kaj H. Larsen, Iltmangel, Copenhagen, 222 pages, 1938. 


This is a study of the effect of anoxemia, produced by the inhalation of 9 vol. 
per cent O,, and of effort, on the electrocardiogram. The work is of the highest 
order. The technique, especially the electrocardiographic procedure, is fully de- 
seribed. Also, the literature is very completely discussed. 

The author states that anoxemia and effort, under standardized conditions, will 
so frequently produce characteristic changes in the electrocardiogram in patients 
with heart disease that these functional tests have real diagnostic value. He 
believes that with proper precautions the tests carry no risk. 

The reviewer can only praise the excellence of this work, and accept it as a 
real addition to cardiologie knowledge. But the study includes only fifty-six tests 
on patients with coronary disease, and one death from angina pectoris, following 
an effort test, has been reported. I know of another. There is some evidence 
that anginal attacks may in themselves be fatal. Therefore, it is questionable 
whether any test involving the production of anoxemia in a patient with a damaged 
heart, often with concomitant precordial pain, will ever gain general acceptance. 

Normal Persons.—Twenty normal persons were examined. P, became higher 
in eighteen, was unaltered in one, and lowered in one. There was a general, though 
not universal, tendency for the R waves to become lower. The T waves were 
lowered, but never inverted. Q-T, was shortened. The rate was increased, on 
an average, by 40 per cent. The S-T segment was not lowered more than 1 mm. 
The findings were statistically examined by Dr. G. Rasch, and normal standards 
were established. 

Arteriosclerotic Heart Disease—The author attributes all angina pectoris to 
myocardial anoxemia, although the actual mechanism whereby this can be produced 
may vary. 

Among seventeen patients with ‘‘coronary angina pectoris,’’ thirteen showed 
abnormal electrocardiographic changes during induced anoxemia, mostly depression 
of the S-T segments exceeding 1 mm., and partial or total inversion of T waves. 
Electroecardiographic changes which were present before the test became accentuated. 
Four patients who showed no electrocardiographiec changes during anoxemia did 
so with effort. 

While the tests in many cases produced precordial pain, there was no definite 
relation between the electrocardiographic changes and the pain. Either might 
occur without the other, or, if they occurred together, the onset and cessation 
might not coincide. The electrocardiographic changes were not prevented by previ- 
ous administration of nitroglycerin. 

The changes are not pathognomonic of coronary disease, for they may also 
occur in patients with rheumatic heart lesions, certain endocrine disorders, and 
severe anemia. 

Effort (in the form of standardized bicycle tests) does not normally produce 
significant lowering of the S-T segment, or render the T waves diphasice or in- 
verted, but in the author’s series such changes occurred commonly in patients with 
coronary disease, including some in whom the electrocardiograms had not been 
changed by anoxemia. 

In four out of sixteen patients with arteriosclerotic heart disease, but without 
angina pectoris, the electrocardiograms were changed by anoxemia. The changes 
were not associated with precordial pain. 

In ten patients with attacks of pain in the chest, but without objective evidence 
of heart disease, anoxemia produced no changes in the electrocardiogram. How- 
ever, absence of change does not exclude organic heart disease, including narrow- 


258 THE AMERICAN HEART JOURNAL 


ing of the coronary arteries. The value of the anoxemia test and of the effort 
test is in the frequency with which changes occur in the presence of organic heart 
disease. 

Rhewmatic Heart Disease—Four out of eight patients with mitral disease (with 
or without concomitant aortic disease) showed, during anoxemia, electrocardio- 
graphic changes similar to those seen in coronary disease. 

Myxedema.—Recorded electrocardiographic changes are extensively discussed. 
During anoxemia, S-T segments and T waves showed a tendency to become lower. 
This was least marked when the electrocardiogram had been previously changed 
by the disease and most marked when the tracing had recently returned to normal 
under treatment. When the treatment was well in hand the electrocardiogram was 
no longer changed by anoxemia. Rarely were the changes associated with pre- 
cordial pain. 

Hyperthyroidism.—Four out of five patients showed significant changes in the 
S-T segments and in the T waves during anoxemia. 

Diabetes—The author believes that diabetes may, in itself, produce electro- 
eardiographic changes which may clear up when the diabetes is treated, and that 
these changes are due to disordered metabolism caused by insulin deficiency. In- 
sulin can also affect the electrocardiogram, partly through hypoglycemia and partly 
through some specific effect on the myocardium. Nine out of twelve diabetics 
showed significant electrocardiographic changes during anoxemia. The degree of 
these changes is determined both by the blood sugar concentration and the insulin 
content of the body. 

Anemia.—As a rule, the electrocardiographic changes due to anemia are not 
very severe. They do not necessarily depend on the degree of anemia. When the 
hemoglobin was 40 per cent, or less, anoxemia produced changes in the S-T seg- 
ments and in the T waves. When the patients had recovered from the anemia 
these could usually not be reproduced. In no case was induced anoxemia associated 


with precordial pain. 
JULIUS JENSEN. 


ADVENTURES IN RESPIRATION. MODES oF ASPHYXIATION AND METHODS OF RESUSCI- 
TATION: By Yandell Henderson. Baltimore, 316 pages, 1938, The Williams and 
Wilkins Co. 


The title admirably describes the book. It is essentially a record of the author’s 
own experiences, extending over nearly forty years, in various investigations of 
respiratory function. The book covers many phases, but its basic theme is the 
control of respiration by carbon dioxide, the manner in which this function may 
be disturbed, the consequences thereof, and the use of carbon dioxide in therapy. 

Starting his scientific career at the turn of the century, the author first studied 
the phenomenon of circulatory failure, and even in these early investigations 
postulated the existence of a ‘‘venopressor mechanism’’—a subject to which his 
subsequent work was to bring him back on many occasions. In 1905 appeared 
the papers of J. S. Haldane on the influence of carbon dioxide in the control of 
respiration, and at once Professor Henderson constituted himself ‘‘as an active 
propagandist for the Haldane doctrine.’’ The suggestion, made in an address 
in 1909, that 5 per cent carbon dioxide with oxygen be used at the end of anes- 
thesia to prevent apnea, was, however, received at the time with ‘‘ devastating 
eriticism.’’ Two years later came the famous Pikes Peak expedition of Haldane, 
Henderson, Douglas, and Schneider. The relationship of carbon dioxide and oxygen 
in the control of respiration was then earnestly studied and discussed. In 1916, 
when ‘‘acidosis’’ was still synonymous with low ‘‘alkaline reserve,’’ the author 
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again raised a protest, for he realized that at least at high altitudes the low carbon 
dioxide levels by no means constituted a state of acidosis. 

Even before this time, Professor Henderson had begun the more practical in- 
vestigations which have since come to be so much associated with his name, 
namely, his work with mine rescue apparatus, starting with his appointment, in 
1912, as consulting physiologist in the United States Bureau of Mines; his vigor- 
ous and courageous supervision of the experiments leading to the development of 
the American gas mask during the war; his assistance in the establishment of 
adequate ventilation for the Holland Tunnel under the Hudson River (1920) ; his 
outstanding service in the development of an adequate technique for relief of 
carbon monoxide asphyxiation by means of carbon dioxide-oxygen inhalation with 
the H. H. inhalator (1922); and, more recently, his extension of the use of carbon 
dioxide-oxygen administration to resuscitation of the newborn, as well as to pneu- 
monia, shock, and the postoperative apneic state. 

In the presentation of his own views, Professor Henderson is protagonist rather 
than critic, and it is perhaps not unfair to say that in his discussion of some 
still controversial subjects not much attention is given to opposing views. In this 
sategory are the question of the validity of the Coryllos-Birnbaum hypothesis that 
bronchial obstruction is the immediate factor producing pneumonia, and the ques- 
tion of the effectiveness of carbon dioxide therapy in later postoperative states 
(subsequent to the immediate postanesthetic period). There are numerous critical 
references to the earlier chemical theories of acidosis and the acid-base equilibrium ; 
and while such criticism of the early discussions of this subject is justified, there 
is in the book no recognition of the subsequent elaboration and completion of 
knowledge of this physicochemical system, descriptions of which have largely 
answered Professor Henderson’s earlier criticisms. There are also in the book 
one or two errors of fact, as in the statement that ‘‘even when diabetic acidosis 
has reached the stage of coma, and death impends, no great amount of alkali 
has been lost from the body.’’ 

These are minor criticisms, so far as the book as a whole is concerned. <Ad- 
ventures in Respiration is not, and is not intended to be, a textbook, but a vivid 
and interesting account of the ‘‘adventures’’ of one who has contributed largely 
in the field of respiratory physiology. It shows the working of a vigorous and 
imaginative mind, the mind of a physiologist who boldly applied his newly learned 
knowledge to important practical problems in industry and medicine, and achieved 


remarkable success. 
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E Bsa American Heart Association, sponsor of the first International Health Broad- 
east, stands alone as the national organization devoted to educational work relat- 
ing to diseases of the heart. Its Board of Directors is composed of twenty-five phy- 
sicians representing every portion of the country. 

The Section for the Study of the Peripheral Circulation was organized in 1935 for 
the purpose of stimulating interest in investigation of all types of diseases of the 
blood and lymph vessels and of problems concerning circulation of blood and lymph. 
Any physician or investigator in good standing may become a member of the section 
after election to the American Heart Association and payment of dues to that 
organization. 

To coordinate and distribute pertinent information, a central office is maintained, 
and from it issues an ever widening stream of books, pamphlets, charts, posters, 
films, and slides. These activities all concern the recognition, prevention or treat- 
ment of the leading cause of death in the United States, diseases of the heart. The 
AMERICAN HEART JOURNAL is under the editorial supervision of the Association. 

The income from membership and donations provides the sole support of the Asso- 
ciation. Lack of adequate funds seriously hampers more widespread educational and 
research work imperative at this time. Great progress has been made, but mucli 
remains to be done. 

Annual membership is $5.00 a year and journal membership at $10.00 includes a 
year’s subscription (January-December) to the AMERICAN HEART JOURNAL and an- 
nual membership in this Association. A cordial invitation to join in this crusade is 
extended to you. 

The American Heart Association solicits your support to the end that it may con- 
tinue more effectively the campaign to which it has devoted all its energy. 
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